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THE GENUS CNIDOSCOLUS: GENERIC LIMITS AND 
INTRAGENERIC GROUPS 


Rogers McVaAauGu 


The genus Cnidoscolus (Euphorbiaceae) is a remarkably homogeneous, 
strictly American group of perhaps 40 or 50 species, and is evidently a natu- 
ral unit from the evolutionary standpoint. In recent years it has often been 
merged with Jatropha, perhaps chiefly because of the influence of Mueller 
Argoviensis, who treated it as a section of Jatropha in the Prodomus of de 
Candolle (1866) and in the Flora brasiliensis (1874). Actually the characters 
of Cnidoscolus are such as to separate it readily from Jatropha proper ; the 
line of demarcation between the two is quite as clear if not more so than that 
between Jatropha and Manihot, Jatropha and Aleurites, or even Jatropha 
and Hevea. When judged by the criteria used for the delimitation of genera 
in the Euphorbiaceae generally, Cnidoscolus seems unquestionably to merit 
consideration as an independent genus characterized by the possession of a 
single white floral envelope, stinging epidermal hairs, and distinctive petiolar 
glands. 

The speeies of Jatropha, in the restricted sense, regularly have two well- 
differentiated floral envelopes, and are destitute of stinging hairs. Glands of 
the Cnidoscolus types (at the summit of the petiole) appear to be entirely 
wanting in Jatropha. The pith in Cnidoscolus is characteristically white, and 
proportionately large, divided into thin transverse plates, while in Jatropha 
the pith is usually relatively small and solid. In Cnidoscolus the styles are 
repeatedly dichotomous (3 to 5 times) and terminate in very slender tips, 
while those of most species of Jatropha are once-forked and terminate in 
fleshy capitate or hooded stigmas. In Cnidoscolus the development of rudi- 
mentary stamens in the pistillate flowers and filiform ‘‘staminodia’’ in the 
staminate flowers is the rule in most species, while these structures are met 
with but infrequently in Jatropha proper. In most species of Cnidoscolus the 
annular gland on the staminal column is raised noticeably above the base of 
that column, but it is sessile in those (relatively few) species of Jatropha 
having an annular gland rather than five discrete glands. 

Before passing to a consideration of the groups within Cnidoscolus, it is 
necessary to discuss the typification of the genus Jatropha which, as origi- 
nally proposed by Linnaeus in 1753 and 1754, included two species now 
referred to Cnidoscolus, one species subsequently segregated as the type of 
the genus Manihot, one species now commonly regarded as an Aleurites, and 
three species that are still widely known as Jatropha gossypifolia, Jatropha 
multifida, and Jatropha Curcas. It is evident that stability in present-day 
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generic nomenclature in these groups depends upon the determination of the 
type-species of Jatropha and, luckily for such stability as may now exist, 
there seems to be sufficient ground for the designation of J. gossypifolia L. 
as the type of the genus. 

Jatropha gossypifolia (Sp. Pl. 1006. 1753) was based by Linnaeus upon 
plates and descriptions of Sloane, Commelin, Bauhin, and Royen and, alone 
among the species of Jatropha published at this time, it was characterized 
by a detailed and reasonably accurate twelve-line description attributed to 
Royen. This description, almost verbatim, forms the basis of the generic 
description of Jatropha in the Genera plantarum of 1754, the only significant 
additions to the generic character at this time being mention of the staminate 
corolla as ‘‘monopetala, hypocrateriformis. Tubus brevissimus,’’ and brief 
mentions of the calyces. Of the staminate flowers Linnaeus said : ‘‘ CAL. Peri- 
anthium vix manifestum,’’ and of the pistillate; ‘‘CAL. nullus.”’ 

These references to the calyx have been used by Mackenzie (1929), in an 
attempt to show that Jatropha Manihot L. must be regarded as the type of 
the genus. In conclusion Mackenzie says: 

‘*His [Linnaeus’}] description calling for but one well-developed floral 
envelope was evidently based on the first plate (Tournefort 438) cited by 
him, to which it entirely applies. 

* the original generic description of Linnaeus was based solely on 
Jatropha Manihot L. and it is the only one of his seven species which agrees 
with his generic description. It in consequence must be taken as the type of 
the genus.’”’ 

Although Mackenzie may have been correct in assuming that Linnaeus’ 
description of the calyx was based on Tournefort’s plate (which indeed 
represented a Manihot flower with one floral envelope only), it may be 
pointed out that the deseription applies equally well either to Jatropha 
herbacea L. or to J. wrens L., and the latter was specifically mentioned by 
Linnaeus in a footnote’ to his generic description, so could hardly have been 
omitted from his consideration in his compilation of the characters. 

In stating that ‘‘the original generic description of Linnaeus was based 
solely on Jatropha Manihot,’’ Mackenzie seems to have overlooked the fact 
that Linnaeus cited in the generic synonymy not only Tournefort’s plate, 
but also a plate from Dillenius’ Hortus elthamensis (no. 173, representing 
J. multifida L.), and a reference to Houstoun’s genus Jussievia (that is, to 
J. herbacea L.). If it be again remembered that most of the generic descrip- 
tion was taken from that of J. gossypifolia, then it is clear that five of the 
original seven species of Jatropha (all except J. Curcas and J. moluccana) 


1**OBS. J. Urens Stamina novem, erecta, quorum Tria interiora reliquis longiora, 
quibus (tribus) setae totidem respondent, singulae singulo filamento prope basin insertae.’’ 
(Gen. Pl. 437. 1754.) 


he 


in 
of 


al 


Vy 


1944] MCVAUGH : CNIDOSCOLUS 459 


are mentioned or deseribed directly or by implication in the original 
description, 

Hiteheock and Green, in their Species lectotypicae propositae (1935), 
have undertaken to typify the genus Jatropha by the species J. Curcas L. 
There seems to be no particular reason for this unless it be that J. Curcas 
is now widespread and familiar in all tropical regions; and the choice of 
J. Curcas as type species would seem an unfortunate one, chiefly because 
Adanson, in 1763 (Fam. Pl. 2: 356) segregated J. Curcas as the type- and 
only species of a new genus, Curcas. Curcas has never been widely accepted 
as a valid genus distinet from Jatropha, but its eventual recognition as such 
would necessitate the renaming of many species now referred to Jatropha, 
if J. Curcas were to be considered as the type-species of the latter genus. 

For the reasons given above it seems best to regard Jatropha gossypifolia 
L.. as the type of the genus. It has not, to my knowledge, been made the type- 
species of any segregate genus, and the type-specimen, according to Faweett 
and Rendle (FI. Jam. 4: 312. 1920) is preserved in the Linnaean Herbarium. 
The remaining generic elements comprising the inclusive Linnaean Jatropha 
are then to be referred to Manihot, Aleurites, and Cnidoscolus, as mentioned 
above. Neither of the two Linnaean species now referred to Cnidoscolus could 
logically be regarded as the type species of Jatropha, for J. urens is spe- 
cifically mentioned as constituting an exception to the generic character, and 
either J. urens or J. herbacea is excluded by any of several characters or by 
*’; “Pilamenta 
in medio approximata’’; ‘‘COR. |fem.| pentapetala, rosacea’’; ‘‘Styli 


a combination of these: ‘‘COR. |mase.| Tubus brevissimus 
dichotomi. Stigmata simplicia.’’ 

It remains but to establish the correct name for the segregate genus 
including Jatropha urens and J. herbacea L., and this has been attempted 
by Wheeler (1939), who has proposed the conservation of the name Cnidosco- 
lus Pohl (Pl. Bras. Ie. 1: 56. pl. 49. 1827) over Jussievia Houst. (Reliq. 6. 
pl. 15.1781) and Bivonea Raf. (Speechio delle Sci. 1: 156. 1814). This course 
appears a most suitable one, for Cnidoscolus has been widely known and used 
since its proposal, while neither Jussievia nor Bivonea has been accepted by 
any considerable group of workers. 

Cnidoscolus has been variously divided into subgeneric groups. Mueller 
|in Linnaea 34: 210-212. 1865, and (in brackets below) in DC. Prodr. 15(2): 
1096-1102. 1866] proposed to divide Cnidoscolus (which he considered a 
section under Jatropha) into the subsections Eucnidoscolus and Calyptro- 
solen, which he distinguished as follows: 


1. Calyx foemineus 5-partitus [laciniae segregatim deciduae | Eucnidoscolus. 
1. Calyx foemineus 5-fidus, inferne tubulosus, mox basi cireumscisso-liber 
ovariumque calyptratim tegens [dein mferne integer v. lateraliter ruptus.— 
Habitus omnino cum subsectione Eucnidoscolo quadrans | Calyptrosolen. 
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It seems clear from Mueller’s Latin that in his mind the distinction 
between these subsections lay in the degree of coherence of the calyx-seg- 
ments of the pistillate flower. His subsection Calyptrosolen included but two 
species, J. Liebmanni Muell. Arg. and J. tubulosa Muell. Arg., and photo- 
graphs of the type material of these species show the character to which he 
referred : the calyx of the pistillate flower, after anthesis, breaks away from 
the base as a unit and forms a calyptra-like structure over the ovary until 
it is ruptured by the growth of the capsule or until the segments (which are 
often but loosely coherent) separate naturally. 

Mueller recognized 16 species of Cnidoscolus; Pax, on the other hand, in 
the Pflanzenreich (1910) accepted 44 species, and divided the group (which 
he understood as a subgenus) into six sections based primarily upon charac- 
ters of the androecia. In Pax’s treatment the sections Vitifoliae and Hamosae 
together comprised 19 species, native to temperate and subtropical South 
America, having the stamens 15-30 in number and in 3—6 whorls on the 
staminal column. The section Oligandrae comprised three South-Brazilian 
species having 6-8 irregularly disposed stamens, and the section Platyandrae 
included a single anomalous Cuban species; the remaining 21 species known 
to Pax, those having the stamens regularly 10 in number and in two whorls 


on the staminal column, were assigned to section Jussieuia or to Calyptro- 


solen. In cireumscribing Calyptrosolen Pax seems to have misinterpreted the 
character as set forth by Mueller, for in his key to Jatropha (op. cit., 23) he 
distinguished Jussieuia and Calyptrosolen as follows: 


1. Calyx 2 caducus Jussieuia, 
1. Calyx 2 basi disciformiter persistens Calyptrosolen. 


This idea of a persistent basal calyx-disk under the ovary was repeated 
by Pax in his deseriptions of individual species of Calyptrosolen and was 
evidently the principal criterion upon which he based the section; although 
he repeated Mueller’s character of the tubular calyx (‘‘Calyx 2 5-lobus, 
inferne tubulosus, mox basi cireumscisso-liber et ovarium calyptratim tegens 

.’’), he seems to have attached little importance to it, for the opposing 
character is never emphasized or even definitely stated for the contrasted 
section Jussiewia. 

About three-quarters of the species having biverticillate stamens (Jus- 
sieuia and Calyptrosolen of Pax) oceur in the Mexican—Central-American 
region, and the two groups were keyed out by Standley (Contr. U. S. Nat. 
Herb. 23: 634. 1923) as follows: 


1. Pistillate calyx persistent as a disk at the base of the capsule 
1. Pistillate calyx caducous 


It seems necessary to point out here that Calyptrosolen was delimited by Pax 
on the basis of an exceedingly variable and often imagined character which is 
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of no value whatever in separating taxonomic groups. In Cnidoscolus the 
pistillate calyx is deciduous after anthesis in all species, either as 5 distinct 
lobes or as a tubular unit, and the tissues persistent at the base of the flower 
may take the form of a narrow rim encircling the peduncle and the scar left 
by the fallen calyx, or the form of five small projections alternating with the 
scars of the calyx-lobes, These persistent tissues vary in size from one indi- 
vidual to another in the same species, but I have not been able to establish 
any correlation between a tubular calyx (the character of Calyptrosolen as 
understood by Mueller) and the persistence of an enlarged basal disk (the 
character as understood by Pax) ; it is impossible to determine the tubular 
or non-tubular character of the deciduous part of the calyx by examination 
of the persistent basal part after the disappearance of the floral envelope. 
A few species, notably Jatropha urnigera Pax, J. Léfgreni Pax & Hoffm., 
and J. tenuifolia Pax & Hoffm., all South American species described from 
single collections, are stated to have distinct cupuliform disks; authentic 
material of these has not been available for study, but no species known to 
me can be distinguished by the presence of such disks from the species 
assigned by Pax to Jussieuia, 

The most recent work on the taxonomy of Cnidoscolus is that of Brother 
Leén, who has recently (1938, 1941) proposed the segregation, under the 
name Victorinia, of the West Indian species said to have 15 stamens, 5 car- 
pels, a seed lacking a caruncle, and a fleshy fruit with a delicate endocarp 
adherent to the seed. The wisdom of such segregation is of course, partly 
a matter of opinion, but until the West Indian species are better known, and 
their genetical constituents and limits of variation more fully studied, they 
are probably best regarded as members of Cnidoscolus. Their staminal com- 
plement and general morphology show them to be akin to the South Ameri- 
can members of EHucnidoscolus, from which they differ in characters of the 
fruit only. The possession of 5 (rather than 3) carpels is in itself insufficient 
to justify generic segregation, and the characters of the small caruncle and 
delicate endocarp are likewise rather tenuous; there is evidently an evolu- 
tionary connection between these species and the pinnately veined South 
American ones, but its strength must remain to be demonstrated. 

The following conclusions are based chiefly upon the material in the 
United States National Herbarium and that in the Herbarium of the 
National Arboretum; certain material at the New York Botanical Garden, 
the Gray Herbarium and the Arnold Arboretum has also been examined, 
and I am grateful to those in charge of these herbaria for the many courtesies 
they have extended. 

Most of the known species of Cnidoscolus are readily essigned to definite 
sectional and subsectional groups, as follows: 

1. Petiolar glands normally present, solitary or paired at the summit of the 


petiole; leaves palmately veined; stamens usually 10 (7-10), all monadel- 
phous, the filaments 2-verticillate; species mostly North American Sect. Calyptrosolen, 
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1. Petiolar glands, if present,*® usually several, finger-like, papilliform or fili 
form, at base of blade; venation various; stamens various 
2. At least the outer whorl! of filaments distinct to the base or essentially 
so (stamens 10 in all); glands (probably always present) papilliform; 
leaves palmately veined and lobed Sect. Jussieuia 


3. Filaments all distinct; one Brazilian species Subsect. Urnigerae. 
3. 


Inner whorl of filaments monadelphous, coherent into a column. 
Subsect. Urentes. 
Stamens all monadelphous, 8-15 or more; glands present or absent 4. 
4. Petiolar glands several, 1.5-3 mm. long, elongate-filiform, the 
glandular tissue distal; leaves palmately veined; filaments 10, 2-ver 
ticillate; Yueatan Cnidoscolus Souzae. 
4. Petiolar glands several (minute and papilliform) or wanting; 
leaves palmately or pinnately veined; South America or Greater 
Antilles 
5. Leaves pinnately veined; petiolar glands [usually] wanting. 
Sect. Cnidoscolus 6 
6. Stamens 10, 2-verticillate; carpels 3 Subsect. Phyllacanthace 
6. Stamens 15-20, 3- to 4-verticillate or irregularly inserted ; 
carpels 3 or 5 (6) 
7. Stamens 3- to 4-verticillate; carpels 3; endocarp hard; 
central subtropical South America Subsect. Euenidoscolus. 
7. Stamens about 15, clustered (not verticillate) on the 
column; carpels 5; endoearp delicate; Cuba and Hispaniola. 
Subsect. Victorinia. 
Leaves palmately veined 8. 
8. Blades deeply or shallowly 3- to 5-lobed; petiolar glands 
several, small, papilliform; stamens 15-20 (28), 3- to 6-vertie 
illate; subtropical South America Sect. Vitifoliae. 
8. Blades compound or essentially so, divided to the base into 
10 or fewer irregular elongate lobes; petiolar glands unknown; 
stamens 8—10, 2-verticillate; Cuba Sect. Platyandrae. 


Sect. Cnidoscolus (Muell. Arg. emend. MeVaugh) McVaugh, 
comb. nov. 

Jatropha, sect. Cnidoscolus Muell. Arg. Linnaea 34: 210. 1865. 

Jatropha, sect. Cnidoscolus, subsect. Eucnidoscolus Muell. Arg. 1. ¢. 

Jatropha, sect. Eucnidoscolus Muell. Arg. ex Pax, Natiirl. Pflanzenfam. 3°: 75. 1890. 

[t appears that according to a strict interpretation of the rules of nomen- 
clature (Art. 58), the name Cnidoscolus must be retained for some part of 
the genus of the same name, since it is the earliest sectional name available. 
[t seems proper to apply it to that section which includes the type-species of 
Pohl’s genus, Cnidoscolus hamosus (C. hamosus is certainly a suitable choice 
for type-species ; the original material was collected by Pohl himself and was 
well described and figured, the first species so treated ; it was designated as 
type-species by Small (in Britton & Brown, Ill. Fl. ed. 2, 2: 462. 1913) and 
there seems no reason to disagree with this choice). I am therefore restrict- 

2If absent, then the anthers 10 and the outer filaments distinct to the base, or the 
anthers 15 or more, or the leaves pinnately veined or (in 2 Cuban species) palmately 
compound. 
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ing the application of Mueller’s name Cnidoscolus, when used in the sec- 
tional category, to those species having pinnately veined and mostly eglandu- 
lar leaves, reduced and few-flowered inflorescences, and mostly numerous 
(15 or more) stamens, typified by C. hamosus. 


la. Subsect. Victorinia (Le6én) MeVaugh, comb. nov. 


Victorinia Leén, Mem. Soe. Cub. Hist. Nat. 15: 242. J1 10, 1941. 
Jatropha, sect. Acrandrae Urb. Symb. Ant. 7: 516, nomen. 1913. 
Cnidoscolus, sect. Acrandrae Pax & Hoffm. Natiirl. Pflanzenfam. ed. 2. 19c: 167. 1931. 


TYPE-sPEcIES, Victorinia regina (Le6n) Ledén, selected by Brother Leén 
(1.e.) as the type of his genus. Two Antillean species: C. acrandrus (Urb.) 
Pax & Hoffm.,* described from the province of Barahona, Reptiiblica Domini- 
cana, and Jatropha (Victorinia) regina Leon, of the Province of Oriente, 
Cuba. This latter species, from the description, is not very different from 
(. acrandrus, and until the two are thoroughly compared it seems unwise to 
make the new combination required in Cnidoscolus. The differences, as sum- 
marized by Brother Leén (1941, p. 248), are in the slightly larger and rela- 
tively narrower fruits of C. acrandrus, and in the leaves, which in C. 
acrandrus are said to be larger, more oval, with narrower and rounder base 
and less spreading nerves than in J. regina. For remarks on the taxonomy 


of this group see above. 


lb. Subsect. Eucnidoscolus (Muell. Arg. emend. MeVaugh) 
MeVaugh, comb. nov. 

Jatropha, sect. Cnidoscolus, subsect. Eucnidoscolus Muell. Arg. Linnaea 34: 210, 1865. 

Jatropha, sect. Vitifoliae, subsect. Loasiformes Pax, Pflanzenreich IV. 147: 92. 1910. 

Jatropha, sect. Hamosae Pax, op. cit., 94. 

Cnidoscolus, sect. Vitifoliae, subsect. Loasiformes (Pax) Pax & Hoffm. Natiirl. 
Pflanzenfam. ed 2. 19c: 164. 1931. 

Cnidoscolus, sect. Hamosae (Pax) Pax & Hoffm.., 1. ¢. 

TYPE-SPECIES, Cnidoscolus hamosus Pohl. A small subsection of interior 
South America, comprising about 9 described species with leaves unlobed or 


somewhat pinnately lobed, depauperate cymes of 1-10 flowers each, and the 


In the second edition of Die Natiirlichen Pflanzenfamilien, Pax and Hoffman (1931) 
introduced into literature about 25 new names in Cnidoscolus, all of which are transfers 
based on previously described species of Jatropha. Technically perhaps none of these is 
a valid transfer, for in no case do the authors cite the original place of publication or the 
name-bringing synonym. For species of Jatropha previously described by Pax alone or by 
Pax & Hoffmann, they customarily cite no parenthetical authority, apparently assuming 
that such a practice would make for redundancy. Because of the very formal treatment of 
Cnidoscolus in the work in which these ‘‘transfers’’ appear, the division of the genus into 
sections based on those earlier proposed by Pax in the Pflanzenreich, and the systematic 
enumeration of the species in the same order in the two publications, there can be no rea- 
sonable doubt of the souree of any of the names proposed in Cnidoscolus, especially since 
for each section (thus presumably also for the included species) a specific reference to the 
Pflanzenreich is given; this seems to comply with the letter of Art. 44, which requires the 
‘*eitation of a previously and effectively published description. ’’ 
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sepals of the pistillate flowers, where known, distinct. Mueller’s subsection 
is to be restricted so as to include but these species, excluding all the species 
known to him in 1865-6 except Jatropha obtusifolia and J. hamosa. 


le. Subsect. Phyllacanthae (Pax) McVaugh, comb. nov. 


Jatropha, sect. Jussieuia, subsect. Phyllacanthae Pax, Pflanzenreich IV. 147: 96. 1910. 
Cnidoscolus, sect. Jussieuia, subsect. Phyllacanthae (Pax) Pax & Hoffm. Natiirl. Pflan 
zenfam. ed, 2. 19c: 165. 1931. 


TYPE-SPECIES: The type-species of Pax’s original subsection can be 
nothing but Jatropha phyllacantha Muell. Arg., the only species included. 
This name, however, is untenable, being merely a herbarium name taken up 
by Mueller to include three species previously proposed by Pohl, and the 
species must take one of the names proposed by Pohl for what Mueller con- 
sidered to be varieties of the same plant. The inclusive species may be called 
by the appropriate name Cnidoscolus quercifolius Pohl, and the names 
Cnidoscolus lobatus Pohl, C. repandus Pohl, and Jatropha phyllacantha 
Muell. Arg. should be relegated to the synonymy of C. quercifolius. 

The two known species of this subsection, C. bellator (Ekm. ex Urb.) 
Leon, of western Cuba, and C. quercifolius of southeastern Brazil, are anoma- 
lous in this section because of the biverticillate anthers. Mueller states, how- 
ever (1866, p. 1098), that the sterile filaments of C. quercifolius may bear 
rudimentary anthers, and if true this doubtless emphasizes the relation 
between it and those species with 3-verticillate stamens. 


2. Sect. PLATYANDRAE (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 166, 1931. 

Jatropha, sect. Platyandrae Pax, Pflanzenreich IV. 147: 110. 1910. 

Type-species; Cnidoscolus Rangel (Gomez) MeVaugh, comb. nov. 
Jatropha peltata C. Wright in Sauv. Anal. Acad. Ci. Habana 7: 155. 1870, 
non J. peltata Sessé in Cerv. Supl. Gace. Lit. Mex. 3. 2 Jl 1794, nee J. peltata 
H.B.K. Nov. Gen. & Sp. 2: 104. 1817, nee J. peltata Wight, Ie. pl. 1169. 
1850; Jatropha Rangel Gomez de la Maza, Anal. Hist. Nat. Madrid 23: 51. 
1894; Jatropha platyandra Pax, Pflanzenreich IV. 147: 110. 1910; Cnidosco- 
lus platyandrus I. M. Johnst. Contr. Gray Herb. 68: 86. 1923. The section is 
apparently endemic in Cuba, comprising only the type-species and C. Matosu 
Leén, which is said to have 8 stamens and to differ from C. Rangel in minor 
particulars. 

Pax (1910, l.c.) attached considerable taxonomic importance to a single 
character in C. Rangel, that of a relatively broad connective in the anther ; 
Brother Le6én (1938, 1941) attaches little importance to this, either in C. 
Rangel or in other species, considering that the connective is distorted by 
drying and alternate boiling and redrying. Almost no material of this section 
is available for study, but it seems to be quite distinct from all the other 
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sections, apparently being the end-result of the development of some insular 
progenitor of Cnidoscolus. 


3. Seet. CALYPTROSOLEN (Muell. Arg. ex Pax) Pax & Hoffm. Natiirl. 
Pflanzenfam. ed. 2. 19c: 165, emend. MceVaugh. 1931. 

Jatropha, sect. Cnidoscolus, subsect. Calyptrosolen Muell. Arg. Linnaea 34: 212. 1865. 

Jatropha, sect. Calyptrosolen Muell. Arg. ex Pax, Natirl. Pflanzenfam. 3°: 75. 1890. 

Jatropha, sect. Jussieuia (Houst.) Pax, Pflanzenreich IV. 147: 96, pars. 1910. 

Jatropha, sect. Oligandrae Pax, op. cit., 109. 

Cnidoscolus, sect. Oligandrae (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. ed. 2. 19¢: 
166. 1931. 

TyYpPE-sPEcIES, Jatropha tubulosa Muell. Arg. Mueller’s subsection in- 
cluded two species only, Jatropha Liebmanni Muell. Arg., and J. tubulosa, 
and the section as technically validated by Pax in 1890 included but the same 
two species. As thus constituted the group depended upon a single character, 
the coherence of the pistillate calyx into a tube. As this character seems not 
to be a particularly fundamental one in Cnidoscolus, and indeed varies to 
some extent even within single species, it seems proper to depend rather upon 
the combination of characters by which these species are obviously related 
to others in the same geographical area, and to enlarge the section to inelude 
all those species having palmately lobed leaves with large single or paired 
petiolar glands, monadelphous 2-verticillate stamens, and relatively florifer- 
ous cymes. As thus constituted the section appears to be very homogeneous, 
seareely to be divided, and including perhaps 20 species in the Mexican— 
Caribbean region, with some few additional species in Paraguay and south- 
eastern Brazil; the Oligandrae of Pax appear to belong here on the basis of 


‘ 


the 2-verticillate stamens, the ample cymes and the petiole ‘‘apice supra 
glanduloso-incrassatus’’ (Pax 1910), but it may be that the Oligandrae 
comprise but a single species, C. oligandrus (Muell. Arg.) Pax. Jatropha 
pyrophora Pax, described from a single collection from northern Peru, also 
appears, from description and a photograph (Field Mus. neg. 5400) of the 
type to belong to this section; J. jaenensis Pax & Hoffm., based on Weber- 
bauer’s no, 6234, is from the same general region and may belong here also. 

The Mexican and Central American species of this section have recently 
been treated at some length (MceVaugh 1943) ; the following additions are 


necessary : 


Cnidoscolus Kunthianus (Muell. Arg.) Pax & Hoffman. was based chiefly 
upon a Bonpland specimen from Cumana, Venezuela, which is to be regarded 
as the type; I do not know the identity of this species, but Mexican specimens 
referred to it are C. multilobus (Pax) Johnst. or C. tubulosus (Muell. Arg.) 
Johnst., and C. Kunthianus, whatever its identity, is doubtless to be exeluded 
from the Mexican flora. 


Cnidoscolus fragrans (H.B.K.) Pohl, and C. quinquelobatus (Mill.) 
Leén, both supposed to have come from Cuba, are imperfectly known; the 
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types of both were examined by Mueller, and from his descriptions it seems 
certain that both belong to this section, but their actual origin is unknown, 
as pointed out by Brother Leén (1938): ‘‘J. fragrans y J. quinquelobata 

no han sido encontradas por los botanicos modernos; lo cierto es que 
en la actualidad no existen cerea de la Habana ni de Regla | their respective 
ty pe-localities | .’’ 


Cnidoscolus rotundifolius (Muell. Arg.) MceVaugh, comb. nov. Jatropha 
rotundifolia Muell. Arg. Linnaea 34: 211. 1865; Cnidoscolus inermiflorus 
I. M. Johnst. Contr. Gray Herb. 68: 85. 1923. The type-locality of J. rotundi- 
folia is **In Mexici prov. San Luis,’’ and a photograph (Field Mus. neg. 
7170) of the type collection, Virlet d’Aoust 147, shows clearly that the spe- 
cies is identical with C. inermiflorus, which is based on Edward Palmer 140 
(of 1907), and of which I have seen the type in the Gray Herbarium. The 
species has not been collected in modern times in the State of San Luis Potosi, 
but it is well known in the neighboring mountains of Tamaulipas, and, as 
Virlet d’Aoust is known to have collected as far northeast as Valle de Maiz, 
it is not unlikely that his type material may have come from that general 


region. 


Cnidoscolus tepiquensis (Cost. & Gall.) MceVaugh, comb. nov. Jatropha 
tepiquensis Cost. & Gall. Rev. Gen. Bot. 18: 391. 1906. 


Cnidoscolus chayamansa McVaugh, sp. nov.; frutex succulentus sub- 
inermis ; folia glabra, limbis saepe latioribus quam longioribus, trilobis, lobis 
flabellatis, in sicco saepe imbricatis; petioli succulenti, quam limbi saepe 
breviores; glandulae petioli lentiformes, usque ad 1.5 mm. longae; flores 
foeminei 8-10 mm. longi, calycibus fere ad basin divisis; antherae biverti- 
cillatae ; fructus ignotus. 


JATROPHA URENS var. INERMIS Calvino, Rev. Agr. Com. y Trab. [Cuba] 
2: 364. Aug. 1919; Skeels in Off. For. Seed & Pl. Intr. Inventory 57: 43. 
1922. 

A succulent nearly glabrous shrub up to about 2 m. high, the branches 
soft, up to about 1 em. in diameter near the tips; pith large, white, in trans- 
verse plates. Stinging hairs none or few. Leaves broader than long (often as 
16/13 or 10/8), three-lobed well below the middle, the lobes flabellate, 1—2.5 
em. wide at base, the central lobe 5-8 (15) em. wide above the middle, the 
lateral lobes wider, with two main veins, often divided about } their length 
into two lobes. Petioles fleshy, up to 5 mm. in diameter and 8 (15) em. long, 
usually much shorter than the blades. Blades glabrous except for the ap- 
pressed-hispid margins and a minute puberulence at the summit of the 
petiole. Glands 2 (or reduced to 1) at the summit of the petiole, ovoid, 
convex, green and very lustrous, up to 1.5 mm, long, separated by a furrow. 
Blades broadly truneate-cordate, the main veins (5) fleshy at base, strongly 
ascending and forming a unilateral cup-like arrangement; when the leaves 
take this position the lobes are all exposed, but when they are pressed flat 
the lobes overlap. Blades yellowish-green and slightly lustrous beneath and 
on the veins above, the rest of the upper surface velvety (not lustrous) green 
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with a suggestion of blue-green. Stipules about 3 mm. long, ovate, caudate- 
acuminate. 1.5-2 mm., laterally glandular-fimbriate, deciduous when the 
leaves are very small. 

Inflorescence 2—5 em. across in flower, the peduncle 2-3 mm. in diameter, 
10-25 em. long. Cyme-branches about 3-forked, the pistillate flowers in the 
basal fork or also in the lowest fork of each branch. Bracts minute, about 
1 mm. long or less. Pistillate flowers 8-10 mm. long, divided 7-8 mm. into 
5 narrowly elliptic rounded recurved lobes about 3 mm. wide, these minutely 
puberulent without. Ovary about 3 mm. long, minutely puberulent at anthe- 
sis. Styles 3-4 mm. long, shortly coherent at base, each of the 3 branches 
twice (sometimes thrice) irregularly dichotomous. Gland annular, more or 
less sessile, about 1.5 mm. in diameter and half as high; staminodia subulate, 
appressed to the ovary, about 1.5 mm. long. Mature capsules and fruit 
unknown. 

Staminate flowers 6-7 mm. long, minutely puberulent without, greenish 
(the lobes white on the portions covered in bud), the tube eylindric, 1-1.5 
mm. in diameter, expanded distally, 4.5 mm. long from base of flowers to 
base of lobes. Lobes rounded-ovoid, about 2 mm. wide by 2.5 mm. long, gla- 
brous (like the tube) within, white within (like the tube). Stamens 10, 4.5—5 
mm. long; gland annular, not sessile, attached along the distal edge, about 
1 mm, across, 0.4 mm. high. Outer filaments attached 0.7—1.1 mm. above the 
gland, free about 0.7 mm. Column of the inner filaments about 3 mm. long, 
the filaments free 1 mm., ineurved. Staminal column white, with a densely 
white-pilose band above the gland. ‘‘Staminodia’’ 2 (—3), about 2 mm. long. 
Inner anthers about 0.7-0.9 mm. long and 0.5 mm. wide; outer anthers 
similar. Pollen apparently none. ‘‘Odor [of flowers] rather faint but un- 
pleasantly suggestive of the fils. of Sterculia foetida’’ (Fairchild). 

Type: In the United States National Herbarium (no. 1472716), collected 
by C. L. Lundell (no. 494), at Honey Camp, in the coastal region of British 
Honduras, September 17, 1929. Isotype at the New York Botanical Garden. 

Additional material: CuBA: Cultivated at Santiago de las Vegas, M. 
Calvino, December 5, 1918 (USNA; P.I. 46862). FLoripa: Cultivated at the 
‘*Kampong,’’ Coconut Grove, David Fairchild, July 14, 1948 (USNA). 


The souree of Dr. Fairechild’s material is unknown, but he says: ‘‘My 
trees here . . . all came from a few cuttings planted about 20 years or so 
ago’’; apparently these cuttings were a part of the stock derived from Plant 
Introduction no. 46862, made by the Office of Foreign Seed and Plant Intro- 
duction (now the Division of Plant Exploration and Introduction) in 1918. 
P.I. 46862 consisted of cuttings, presented by Dr. Mario Calvino, Director 
of the Estacién Experimental Agronémica at Santiago de las Vegas, Cuba, 
under the name of Jatropha urens var. inermis (Off. For. Seed & PIL. Intr. 
Inventory 57: 43. May 20, 1922). The material of this plant cultivated in 
Cuba, according to an article by Dr. Calvino (1919), came originally from 
Yueatan in April, 1918. 

Cnidoscolus chayamansa is the edible ‘‘chaya’’ of Yucatan, and for the 
following information concerning it I am deeply indebted to Sr. Augusto 
Pérez Toro, Director of the Instituto Agricola Henequenero at Mérida, Yue. 


. 
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In response to my queries concerning the plant, Sr. Pérez writes on Novem- 


ber 11, 1943: 


‘*La Chaya .. . es planta originaria de esta regién ; existen testimonios 
en el sentido de que antes de la Conquista los mayas la aprovechaban mucho 
mas que ahora. Se sigue usando para los mismos fines . . . la chaya, que 


viene siendo la espinaca indigena. A propdésito, el nombre castellanizado 
‘chaya’ se deriva del nombre maya CHAY. 

‘*Hay dos plantas conocidas vulgarmente con ese nombre pero se les 
diferencia llamando a la especie comestible ‘chaya mansa,’ y a la otra, que 
al parecer solamente tiene algunos usos medicinales, se le denomina ‘chaya 
brava.’ La chaya mansa es muy ligeramente urticante y la brava lo es en 
mucho mayor grado. La apariencia exterior de ambas es muy semejante.’’ 

No information is available concerning the fruit of this species. Dr. Fair- 
child states that his trees in Florida have not fruited, to his knowledge, in 
the approximately 20 years during which he has observed them. In Yucatan, 
as suggested in Calvino’s article of 1919 and recently confirmed by Sr. Pérez, 
the plant is ordinarily propagated by cuttings, which root easily and require 
little or no care. 

Peculiar interest now attaches to the edible ‘‘chaya’’ because of a recent 
report that the edible parts, the young leaves and shoots, contain consider- 
able amounts of vitamin ‘‘C,’’ which suggests that they may constitute a 
valuable potential source of food here in the United States and elsewhere. 

Technically, Cnidoscolus chayamansa appears to be rather closely akin 
to C. aconitifolius. It has no particularly close relationship to C. wrens which, 
together with the other species of the Urentes, is set well apart by its distine- 
tive characters of androecium and foliar glands. C. chayamansa may be dis- 
tinguished from all other species by its short petioles, by the three over- 
lapping flabellate lobes of the leaf blades, by the paired (not solitary and 
transverse) petiolar glands, and by the position of the main veins at the base 
of the blade, which in this species are so strongly ascending as to make the 
blade attenuate at base and obscure the line of demarcation between blade 
and petiole. 





3a.| Species incertae sedis. 


Cnidoscolus Souzae* McVaugh, sp. nov.; herba vel frutex usque ad 
2-metralis, ramis petiolis peduneculisque pilis urentibus dense munitis; folia 
triloba, ad marginem praecipue in sinubus aristulas interdum glanduliferas 
gerentia; glandulae petioli digitiformes filiformesve, 1.5-3 mm. longae, 
apicibus glanduligeris; flores foeminei 8-9 mm. longi, calycibus fere ad 
basim divisis; antherae biverticillatae; filamenta exteriora prope basim 
columnae staminalis inserta, 0.3-0.8 mm. longa; caruncula 1.5—2.5 mm. lata, 
haud vel vix cordata, supra hilum sidens. 


4 Named in honor of Dr. Narciso Souza Novelo, of Mérida, Yucatdén, the author of 
Plantas meliferas y poliniferas que viven en Yucatan, ete., ete., and an enthusiastic collec- 
tor and student of the flora of his State. 





le 
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A eoarse herb or stout shrub up to about 2 m. high, the branches green, 
at maturity pale brown, up to about 1 em. in diameter near the tips, usually 
thickly covered with stinging hairs and often covered with small knobs (the 
enlarged bases of these hairs) after the hairs fall; branches glabrous except 
for the stinging hairs, which are often large and stout, up to 12 mm. long 
and up to 0.5 mm. in diameter at base. Pith white, in transverse plates. 
Leaves long-petioled, lobed to the middle or beyond; blades truncate or 
cordate at base, 10-15 em. long, 12-20 em. wide, more or less pilose on both 
surfaces, at least on the veins, with uniformly distributed soft white sharp 
hairs up to 1 mm. long, these sometimes so abundant as to whiten the surface 
and make it velvety to the touch. Lobes and principal veins usually 3, the 
two basal veins sometimes extending into an additional pair of basal lobes 
smaller than the other 3; lobes oblong or ovate, sometimes with lateral secon- 
dary lobes, usually with more or less serrate margins, the veins of the princi- 
pal lobes and those of the serrations, if any, ending in capillary (not sting- 
ing) spines 2-4 mm. long. Margins between the serrations, especially in the 
broad rounded sinuses between the principal lobes, more or less beset with 
stout gland-tipped processes about 1—-1.5 mm. long, these terminating small 
veins. Mature blades devoid of stinging hairs, or with a few seattered along 
the veins on the upper surface. Petiole 10-15 em. long, beset its whole length 
with stinging hairs like those of the branches, the degree of investiture 
varying considerably from plant to plant. Glands 2—4 at the summit of the 
petiole, consisting of fingerlike processes 1.5-3 mm. long, enlarged and 
glandular at tips. 

Inflorescences 1 or 2 at the tip of a branch, long-peduncled, beset (except 
for the ultimate branchlets of the cyme) like the stems and petioles with 
stout stinging hairs. Pedunele 20-30 em. long, 2-4 mm. in diameter; cyme- 
branches usually 3, each about 5-forked (sometimes 6-forked) ; cyme flat- 
topped when the pistillate flowers open, 4-5 em. across, the branches then 
elongating and becoming 8-12 em. long and rather strongly ascending. 
Bracts green, leafy, 1.5-5 mm. long (the lower often 3-5 mm.), pilose like the 
leaves and smallest branchlets of the cyme. Pistillate flowers borne usually 
in the basal fork and in the first three forks of each branch, not more than 
about 10 capsules usually maturing in each inflorescence; capsules often 
fully mature when the staminate flowers on the same branches open. Pistil- 
late flowers 8-9 mm. long, divided 7-8 mm. into 5 oblong or rounded obtuse 
spreading lobes 3.5—-5 mm. wide, the lobes minutely puberulent, especially 
near the tips, on both surfaces. Ovary about 2.5 mm. long, sparsely or densely 
silky-strigose in anthesis, later developing a dense covering of stinging hairs. 
Styles nearly sessile, about 3 mm. long, irregularly forked 2 or 3 times. Gland 
annular, about 1 mm. in diameter; staminodia 10, white, bristle-like, about 
0.4 mm. long. Staminate flowers 8-10 mm. long, the lobes rounded, spread- 
ing, about 3 mm. wide, 3—4 mm. long, the tube campanulate, 5-6 mm. long; 
whole perianth minutely puberulent without and near the tips of the lobes 
within. Staminal column 7.5-9.5 mm. long, pilose at base; inner filaments 
1.5-2 mm. long, their anthers 1-1.3 mm. long; outer stamens near base of 
column, the filaments 0.3-0.8 mm. long, the anthers 1.3-1.7 mm. long; 
‘*staminodia’’ 3, 1-2 mm. long; gland annular, about 0.5-0.7 mm. in diame- 
ter, about 0.5 mm. above the base of the column. Capsule oval to subglobose, 
broadly rounded at both ends, green, slightly roughened by the bases of the 
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stinging hairs, often about 7 mm. in diameter, 8—9 mm. long, stalked about 
1 mm. in the persistent lobed base of the perianth. Seeds oblong, somewhat 
flattened, conspicuously mottled at full maturity, truncate at base, about 
4 mm. wide and 7 mm. long; caruncle white or pale yellowish, fleshy, 1.5—-2.5 
mm. wide, not at all or scarcely cordate, usually standing well above the 
small hilum. 


Specimens examined: BritisH HoNbuRAS: Corozal Dist., Percy H. Gentle 247 in 
1931-32 (NY, US), 332 in 1931-32 (US); San Juaquin, Corozal Dist., Percy H. Gentle 
4983, Sep. 1933 (NY). CAMpEcHE: Tuxpefia, C. L. Lundell 1189, Jan. 15, 1932 (G, 
Type; NY, US). Yucaran: Buena Vista Xbac, G. F. Gaumer 1069, Apr. 1895-96 (G, 
US). Mérida, NV. Souza Novelo in 1944 (USNA), 


A well-marked species, restricted to the Yucatan Peninsula. Although 
technically excluded from Calyptrosolen by the unique petiolar glands, it 
agrees so well in other ways with the members of that section that I hesitate 
to assign it to any other group. Its shrubby habit and numerous elongated 
petiolar glands suggest some relationships to the Urentes also. It is easily 
identified by the leaves alone; no other species is known to have the charac- 
teristic almost filiform glands of the petiole, in combination with gland- 
tipped setae along the leaf-margins. The pistillate flowers may be confused 
with those of C. aconitifolius, but in that species the caruncle is cordate and 
the foliar glands are solitary and broad. 


4. Sect. Jusstevia (Houst.) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 164. 1931. 
Jussievia Houst., Reliq. Houstoun. 6. 1781, as genus. 


Jatropha, sect. Jussieuia (Houst.) Pax, Pflanzenreich IV. 147: 96. 1910. 


Type-speciges, Jatropha herbacea L. As here understood this is a small 
group of herbaceous or shrubby species from which are exeluded several 


y 


members of Calyptrosolen placed here by Pax (1910): C. calyculatus, C. 
quinquelobatus, C. angustidens, C. aconitifolius, C. Kunthianus, C. rotundi- 
folius, and Jatropha pyrophora. As now constituted the section is distin- 
guished by the distinct filaments and the small clustered petiolar glands 
which form a compact group at the base of the blade; as understood by Pax 
the section was characterized by having the calyx of the pistillate flowers 


‘ 


‘caducous.”’ 


4a. Subsect. Urnigerae McVaugh, subsect. nov. 


A subsectionibus ceteris generis Cnidoscoli filamentis libris differt. 

Typre- and only known species, Cnidoscolus urnigerus (Pax) Pax & 
Hoffm., previously included by Pax in his section Calyptrosolen. Material of 
this species has not been available for study, but the figure published by 
Pax (1910, p. 105) suggests a possible intermediate between Cnidoscolus and 
Manihot. The leaves and general aspect suggest C. wrens, but the calyx, the 
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style and the androecium, if accurately interpreted and figured, preclude 
the possibility of merging the two species; the petiolar glands are unknown 
to me. 


4b. Subsect. URENTES (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 165. 1931. 

Jatropha, sect. Jussieuia, subsect. Urentes Pax, Pflanzenreich IV. 147: 96. 1910. 

TYPE-SPECIES, C. urens (L.) Arthur. A group of about 4 species, mostly 
confined to lowland and coastal plain areas in warm regions. C. wrens ranges 
from southern Mexico and the Lesser Antilles south to Argentina, and 
Mueller considered C. herbaceus of southeastern Mexico, and C. stimulosus, 
of southeastern United States, to be but varieties of it. C. teranus is a well- 
marked endemic of the Texas—Oklahoma region. C. adenophilus (Pax & 
Hoffm.) Pax & Hoffm., of which I have seen an isotype, is C. wrens, and 
apparently C. Loefgrenit (Pax & Hoffm.) Pax & Hoffm. and C. tenuifolius 
(Pax & Hoffm.) Johnst., are likewise to be referred here. 

C. herbaceus and C. stimulosus are probably best regarded as distinct 
from C. urens, but the status of the other varieties of C. urens proposed by 
Mueller | Jatropha urens var. osteocarpa (Pohl) Muell. Arg., var. brachy- 
loba Muell. Arg., var, neglecta (Pohl) Muell. Arg., var. Marcgravii (Pohl) 
Muell. Arg.] is not so clear to me. Bondar (1942) considers all these mere 
forms of one species, C. Marcgravu Pohl, which he states is identical with 
C. oligandrus (Muell. Arg.) Pax, the pendo of Bahia. In this last statement 
he is certainly in error, for Pohl’s deseription and plate of C. Maregravu 
show clearly that his species was a small plant very close to or identical with 
C. urens, not the large tree with 7-8 stamens which is the pendo. 





5. Sect. Vitironiag (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 164, emend. MeVaugh. 1931. 

Jatropha, sect. Vitifoliae Pax, Pflanzenreich IV. 147: 86. 1910. 

TYPE-SPECIES, Cnidoscolus vitifolius (Mill.) Pohl, as to plant only; not 
Jatropha vitifolia Mill. The earliest valid name for this species is apparently 
C. cnicodendron Griseb. It seems curious that Miller’s name should have been 
applied without question by Pohl, Mueller Argoviensis, and Pax, to this 
species of the south-Brazilian—Argentinian region, when Miller plainly says 
that Jatropha vitifolia ‘‘ was found growing naturally in Carthagena in New 
Spain, by the late Mr. Robert Millar,’’ and when Miller’s description indi- 
cates that he had some species of the section Calyptrosolen. With the execlu- 
sion of Jatropha vitifolia from the section here called Vitifoliae, there is 
raised the question of the propriety of retaining this sectional name which 
is presumably based, nomenclaturally speaking, upon J. vitifolia. It may be 
argued that the name Vitifoliae belongs with the species upon which it is 
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ostensibly based, and that the section described by Pax under this name 
must be renamed ; it appears that this point is not covered by any rule, unless 
Art. 66, which mentions no rank below the subtribe, may be extended to 
cover it. On the other hand it may be argued that Pax had clearly in mind 
the circumscription of his section Vitifoliae, as shown by his description of 
the section and of the included species, so that the name Vitifoliae may be 
regarded as a descriptive name based on a composite characterization of the 
group, rather than directly upon Jatropha vitifolia Mill., which is nowhere 
cited as the type of the section. I have retained the name rather than provide 
a new one, since the choice is apparently one of taste rather than of rule. 

The section includes about 14 described species, all natives of southern 
Brazil, Paraguay or northern Argentina except C. peruvianua (Muell. Arg.) 
Pax & Hoffm. and its supposed relatives Jatropha basiacantha Pax & Hoffm. 
and J. diacantha Pax & Hoffm., which are all from semi-arid cis-Andean 
Peru. All these species regularly have 15 or more stamens, lobed palmately 
veined leaves and petiolar glands like those of the Urentes, to which they are 
evidently akin. 

CONCLUSION 

Following is a list of all deseribed species pertaining to Cnidoscolus, 
arranged according to sectional groups insofar as this has been possible. 
Names in italics are those which are definitely to be relegated to synonymy. 
Names published in Jatropha, for which there is no available combination in 
Cnidoscolus, are included but are prefixed by the initial ‘‘J’’; these names 
are all invalid or of doubtful status in Cnidoscolus, and are included in these 
columns merely for the sake of completeness, with no intention on my part 
of transferring them to the latter genus. 


CALYPTROSOLEN J. Papaya 
aconitifolius paucistamineus 
angustidens polyanthus 
calyeulatus Pringlei 
chayamansa pubescens (Pax) P. & H. 
cordifolius ?J. pyrophora 

J. deutziiflora J. quinqueloba Sessé 
fragrans quinquelobatus 
inermiflorus rotundifolius 

?J. jaenensis Shrevei 

J. Jurgenseni tepiquensis 
Kunthianus tubulosus 

J. Liebmanni ?J. vitifolia Mill. 
longepedunculatus 
longipes VITIFOLIAE 
maculatus albomaculatus’ 
multilobus appendiculatus 
napaefolius bahianus 
oligandrus J. basiacantha 
palmatus campanulatus 


Palmeri enicodendron 
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- J. diacantha CNIDOSCOLUS 

SS hasslerianus ( Victorinia) 

to horridus acrandrus 
peruvianus J. regina 

id J. Sellowiana (Phyllacanthae) 

of tetracyclus bellator 


Ulei lobatus 
vilifolius Pohl phyllacanthus 
quercifolius 
JUSSIEUIA repandus 
(Urnigerae) ( Euenidoscolus ) 
urnigerus hamosus 
(Urentes) hypoleucus 
adenophilus leuconeurus 


be 
he 
re 
de 


rn 


?Loefgrenii obtusifolius 
Maregravii pubescens Pohl 
Michauzxii serrulatus 


an 
ly 
neglectus subinteger 
osteocarpus 

quinquelobus Pohl PLATYANDRAE 
stimulosus Matosii 
?tenuifolius platyandrus 
texanus Rangel 

urens 


ire 


us, 
le. 
y: DOUBTFUL SPECIES 

= The following species cannot be assigned to any section: 1. Jatropha 
aculeatissima Colla, Herb. Pedem. 5: 112. 1836, based on a Brazilian plant 
collected by Pedro d’Agoa. 2. Jatropha octandra Sessé in Cerv. Supl. Gaz. 
Lit. 4. 1794, based on a Mexican collection. 3. Cnidoscolus Souzae MeV. See 
above. 


1eS 


pse 


art 


r) herbaceus loasoides 
infestus maracayensis 
m. " 
EXCLUDED SPECIES 
Cnidoscolus surinamensis Miq: Linnaea 18: 749 (1844) is a synonym of 
Croton lobatus. 


DIVISION OF PLANT EXPLORATION AND INTRODUCTION, BUREAU OF PLANT 
INDUSTRY STATION 
BELTSVILLE, MARYLAND 
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JUNIPERUS VIRGINIANA, J. HORIZONTALIS AND J. SCOPU- 
LORUM—II. HYBRID SWARMS OF J. VIRGINIANA 
AND J. SCOPULORUM 


NORMAN (C. FASSETT 


J. virginiana and J. scopulorum differ in ten sets of characters ;' the five 
most conveniently used are listed in tables 1 and 2. In table 1, each horizontal 
line represents one tree in a colony of J. virginiana, The epidermal cells of 
the leaves vary from 5 to 20 y in width ;? each figure in the first column was 
obtained by measuring 30 cells and averaging. The averages range from 
9.7-12.2 1; in a colony of J. scopulorum (table 2) they range from 14.8 
12.5 y. Column 2 in table 1 shows every individual of J. virginiana to have 
overlapping leaves, while in J. scopulorum (table 2) the leaves rarely over- 
lap, and then but very little. In column 3, the foliar gland of J. virginiana 
is in every case seen to be shorter than the distance from the gland to the 
tip of the leaf, while in J. scopulorum (table 2, third column) the gland 
always exceeds this distance. The leaf tips are always acute in J. virginiana 
(table 1, fourth column) and always blunt in J. scopulorum (table 2, fourth 
column). Column 4 is incomplete in the tables, because not all the trees bear 
earpellate cones. In J. virginiana 0-33 per cent of the cones are on hooked 
peduncles, and the majority of them are on straight peduneles. In J. scopu- 
lorum 8-70 per cent of the peduncles are hooked. Therefore, a figure between 
8 and 33 may be either species. 


TABLE 1. Ten individuals of J. virginiana from Portland, Connecticut. 


Average 
width of 


Leaves over- 
lapping or 


Gland 
shorter than 


Per tent of 


epidermal = distance to Leaf tips peduncles 
cells, in ~ n> ae tip or leaf, curved 
"i apping 
micra or longer 
9.7 Overlapping Shorter Acute 
10.0 Overlapping Shorter Acute 0 
10.3 Overlapping Shorter Acute 
11.0 Overlapping Shorter Acute 8 
11.3 Overlapping Shorter Acute 0 
11.3 Overlapping Shorter Acute 
11.7 Overlapping Shorter Acute 
11.8 Overlapping Shorter Acute 
11.8 Overlapping Shorter Acute 
12.2 Shorter Acute 





Overlapping 


1 Fassett, Bull. Torrey Club 71: 410-418. 1944. 


2 For table showing the proportions of each width class on individual trees, see 


Fassett, 1. c. 
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TABLE 2. Ten individuals of J. scopulorum from Upper Tunnel, Bad Lands of 
South Dakota. 


Average a mS Gland 
width of , sat “# . shorter than Per cent of 
epidermal apping, o! distance to Leaf tips peduncles 
. not over * ' . 
cells, in ls : tip of leaf, eurved 
-ors apping . . 
micra or longer 
13.3 Not Longer Obtuse 
13.5 Not Longer Obtuse 39 
14.5 Not Longer Obtuse 62 
15.0 Not Longer Obtuse 47 
15.2 Not Longer Obtuse 
16.2 Slightly Longer Obtuse 
16.3 Slightly Longet Obtuse 
16.6 Slightly Longer Obtuse 17 
16.8 Slightly Longer Obtuse 36 
17.5 Not Longer Obtuse 50 


That the single table here presented for each species is practically identi- 
eal with similar tables which have been made for each species has already 
been demonstrated in the first paper of this series ;* the proviso was there 
made, however, that these characters do not remain constant in areas where 
two species of the group grow together. Such areas exist in the Dakotas and 
Nebraska, where the ranges of J. virginiana and J. scopulorum overlap. 

In the Arnold Arboretum there is a sheet of characteristic J. virginiana 
from Dell Rapids, near the eastern border of South Dakota, and several 
sheets of equally characteristic J. scopulorum from the Black Hills, at its 
western border. The writer has made mass collections at Wasta and at Upper 
Tunnel (in the northwestern part of the Bad Lands), and both collections 
consist entirely of pure J. scopulorum. But at the localities shown by figures 
on the map are colonies of red cedars showing various recombinations of the 
characters of the two species. 


TABLE 3. Nine individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Chamberlain, South Dakota. 


Average on a Gland 
width of ” “e af 1a shorter than Per cent of 
epidermal appmg distance to Leaf tips peduncles 
° not over . " . : 
cells, in tip of leaf, curved 
“ell lapping : 
micra or longer 
11.0 Overlapping Shorter Acute 41 
11.3 Overlapping Shorter Acute 41 
"11.3 Overlapping Shorter Acute 11 
*11.3 Overlapping Shorter Acute 29 
11.8 Overlapping Shorter Acute 38 
13.0 Not Shorter Acute 
13.5 Overlapping Shorter Acute 
14.3 Overlapping Shorter Acute 
16.5 Not Shorter Acute 45 


3 Fassett, I. c. 


iti- 
dy 
ere 
ere 


ind 


ina 
ral 
its 
per 
ons 
res 
the 


rum 


1944] FASSETT : JUNIPERUS 477 

At Chamberlain, 8S. D. (6 in figure 6), twigs from nine trees were ex- 
amined (table 3). These all agree with J. virginiana in having short foliar 
glands and acute leaf tips, and in all but two the leaves overlap. But the trees 
which bear cones all have proportions of hooked peduncles which agree with 
J. scopulorum much better than with J. virginiana. The epidermal cells, 
moreover, are characteristic of J. scopulorum in four cases. Were one to 


encounter each of these as a separate herbarium sheet, only two individuals 
(indicated by asterisks in table 3) would be identified as J. virginiana; the 





Fics. 1-5. Juniperus at Cedar Pass, Bad Lands of South Dakota. 


first two would be called J. virginiana but the large percentages of hooked 
peduncles, and the other five could be characterized only as having mixtures 
of characters of each. These trees grow in low ground along the Missouri 
River, just west of Chamberlain, in a fairly moist habitat that suggests 
J. virginiana rather than J. scopulorum; furthermore, the trees look like the 
eastern species. The colony might be described as consisting of J. virginiana 
with a slight admixture of J. scopulorum, expressed by the high percentages 
of hooked peduneles and the wide epidermal cells of many trees. 
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The traveller from the east usually enters the Bad Lands of South Dakota 
at Cedar Pass (4 in figure 6), obviously named for the cedar-filled canyon 
whose rim is skirted by the highway. Of the 40 individuals collected (table 
4) none can be identified as pure J. virginiana, and but one (marked with an 


TABLE 4. Forty individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Cedar Pass, Bad Lands of South Dakota. 


Average oo en Gland 
width of - otr-viba shorter than Per cent of 
epidermal apping -% distance to Leaf tips peduncles 
. not over- : . 

cells, in ls ; tip of leaf, eurved 

‘ers apping i 
micra or longer 
11.3 Not Shorter Obtuse 
12.3 Overlapping Shorter Obtuse 45 
12.5 Overlapping Shorter Acute 50 
12.5 Overlapping Shorter Obtuse 
12.7 Overlapping Shorter Obtuse 
12.7 Not Longer Obtuse 70 
12.8 Not Longer Obtuse 
12.8 Overlapping Shorter Obtuse 
13.0 Overlapping Shorter Obtuse 
13.2 Overlapping Shorter Obtuse 
13.2 Overlapping Shorter Obtuse 
13.3 Not Longer Obtuse 
13.3 Overlapping Longer Obtuse 
13.5 Overlapping Shorter Acute 
13.5 Overlapping Shorter Obtuse 
13.7 Overlapping Shorter Acute 
13.8 Overlapping Shorter Obtuse 
14.0 Overlapping Shorter Acute 
14.2 Overlapping Shorter Acute 
14.2 Overlapping Shorter Obtuse 
"14.2 Not Longer Obtuse 

14.3 Overlapping Shorter Obtuse 
14.3 Overlapping Shorter Obtuse 
14.5 Overlapping Shorter Obtuse 50 
14.8 Overlapping Shorter Obtuse 
14.8 Overlapping Shorter Acute 6 
14.8 Overlapping Shorter Acute 
15.0 Overlapping Shorter Obtuse 
15.0 Not Shorter Acute 
15.2 Overlapping Shorter Acute 
15.3 Overlapping Shorter Acute 
15.5 Overlapping Shorter Acute 
16.3 Overlapping Shorter Obtuse 
16.3 Overlapping Shorter Acute 
16.3 Not Shorter Acute 
16.5 Overlapping Shorter Obtuse 
16.6 Overlapping Shorter Obtuse 
17.7 Not Shorter Acute 


asterisk) is pure J. scopulorum. Throughout the colony, the characters of the 
two species seem to be thoroughly scrambled, occurring in all possible combi- 
nations. Some of the trees look like J. virginiana, some look like J. scopu- 
lorum, and many have a peculiar appearance scarcely characteristic of either 
species (figs. 1-5). The combination of characters most frequently found is 
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TABLE 5. Six individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from a bluff south of White River, 8 miles south of Interior, South Dakota. 


Average 


: Leaves over- Gland 
width of we aiieaan shorter than Per cent of 
epidermal = pn distance to Leaf tips peduncles 
cells, in wot tip of leaf, curved 
—s apping 
micra or longer 
i327 Overlapping Longer Obtuse 
13.3 Overlapping Longer Obtuse 61 
*15.6 Not Longer Obtuse 
*15.8 Not Longer Obtuse 
16.0 Overlapping Longer Obtuse 7 
16.5 Not Longer Obtuse 17 


J. virginiana in all but the wide epidermal cells of the leaves; of the 11 indi- 
viduals showing this combination but one bears cones, and this one has 6 per 
cent of the peduncles hooked, as is also characteristic of J. virginiana, 

A few miles south of Cedar Pass (5 in figure 6; table 5), to the south of 
the White River, six cedars were collected on a hot dry hillside. That these 
trees had pointed crowns, instead of the rounded ones usually characteristic 
of J. scopulorum, is probably not significant, for that species sometimes has 
pointed crowns. Three of the trees are characteristic J. scopulorwm, and are 
indicated by asterisks in table 5, while each of the other three shows one or 
more characters of J. virginiana. In contrast to the colony at Chamberlain, 
at the eastern limit of observed influence of J. scopulorum, this may be 
described as a colony of J. scopulorum with some admixture of J. virginiana 
representing the farthest western influence of the latter species. 


TABLE 6, Sixteen individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Ainsworth, Nebraska. 


Average aca ides, Gland 
width of la uae shorter than Per cent of 
epidermal ay : & distance to Leaf tips peduncles 
cells, in rs — tip of leaf, eurved 
micra appmng or longer 
10.8 Not Shorter Acute 
*11.0 Overlapping Shorter Acute 0 
11.0 Not Shorter Acute 
*11.5 Overlapping Shorter Acute 
12.2 Not Shorter Acute 0 
12.2 Not Shorter Acute 
12.3 Overlapping Shorter Acute 
13.0 Overlapping Shorter Acute 
13.2 Overlapping Shorter Obtuse 
13.3 Overlapping Shorter Acute 
13.5 Overlapping Shorter Acute 0 
13.5 Overlapping Shorter Acute 0 
13.5 Not Shorter Acute 
13.6 Overlapping Shorter Acute 
14.6 Not Shorter Acute 
15.0 Not Shorter Acute 
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13 : 


14 





Fic. 6. Heavy line: approximate northeastern limits of J. scopulorum, Broken line: 
approximate northwestern limits of J. virginiana. 1-16: locations of herbarium specimens 
or mass collections showing some mixture of characters of the two species. 1. Medora, 
Billings Co., N. D. 2. Paradise, Grant Co.; N. D. These two specimens in Herb. N. D. Agr. 
Coll. 3. Mouth of Big Cheyenne River, S. D., collected by Lewis & Clark in 1804, 4. Mass 
collection from Cedar Pass, 8S. D., described in table 4. 5. Mass collection from Interior, 
S. D., deseribed in table 5. 6. Mass collection from Chamberlain, 8S. D., described in table 
3. 7. Mass collection from Johnstown, Neb., very similar to the next. 8. Mass collection 
from Ainsworth, Neb., described in table 6. 9. Mass collection from Lewellen, Neb., de 
scribed in table 7. 10. Mass collection from Ogalalla, Neb., described in table 8. 11. Speci 
men from Rockport, Kans., with epidermal cells averaging 17.6 y in width. This and all 
the following specimens are in Herb. Kans. State Coll. 12. Specimens from Ellis Co., Kans., 
with epidermal cells averaging 16.2 y in width. 13. Specimen from Cloud Co., Kans., with 
epidermal cells averaging 15.04 in width. 14. Specimen from Morris Co., Kans., with 
epidermal cells averaging 14.3 4 in width. 15. Specimens from Medicine Lodge, Barber 
Co., Kans., with epidermal cells averaging 14.3 y in width. 16. Specimen from Chautauqua 
Co., Kans., with epidermal cells averaging 14.3 y in width. 
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TABLE 7. Twelve individuals of a hybrid swarm of J. virginiana-and J. scopulorum 
from Lewellen, Nebraska. 


Average i tian dilieat Gland 
width of i — west . shorter than Per cent of 
epidermal ms ge od distance to Leaf tips peduncles 
: not over- ape ‘ 
cells, in “Yeats a tip of leaf, curved 
micra appmg or longer 
12.0 Overlapping Shorter Acute 19 
12.3 Overlapping Shorter Acute 
12.5 Overlapping Shorter Obtuse 0 
12.5 Overlapping Shorter Obtuse 5 
13.0 Overlapping Shorter Acute 
13.2 Overlapping Shorter Acute 0 
13.8 Overlapping Shorter Acute 7 
14.0 Overlapping Shorter Acute 25 
14.0 Overlapping Shorter Acute 
14.5 Overlapping Shorter Acute 12 
14.5 Overlapping Shorter Acute 20 
14.5 Overlapping Shorter Acute 5 


A fragmentary specimen at the Arnold Arboretum, collected by Lewis & 
Clark on October 28, 1804, at ‘‘ Little or Lookout Point of the Missouri at or 
near the mouth of the Big Cheyenne River’’ (3 in figure 6) has the blunt 
leaves with wide epidermal cells of J. scopulorum, and the overlapping leaves 
with gland length less than the distance to the tip as in J. virginiana; it 
probably represents one individual from a hybrid swarm. 

About 90 miles south of Chamberlain, two mass collections were made, 
at Johnstown and Ainsworth, Nebraska (7 & 8, respectively, in figure 6). 
They are so similar that only the collection at Ainsworth is presented in 
detail (table 6). These trees grow along the banks of, and at some distance 


TABLE 8. Twelve individuals of a hybrid swarm of J. virginiana and J. scopulorum 


from Ogallala, Nebraska. 


Gland 





Average 
width of 
epidermal 
cells, in 
micra 


Co Ge Ge DO 
hotbo~ 


—~Wwwnwaw 


ss 
DNAS & WW 


<1 bt 


Overlapping 


Leaves over 
lapping or 
not over- 

lapping 


Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 
Overlapping 





shorter than 
distance to 
tip of leaf, 
or longer 


Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 
Shorter 


Leaf tips 


Acute 
Obtuse 
Acute 
Acute 
Acute 
Acute 
Acute 
Acute 
Acute 
Acute 
Acute 
Acute 


Per cent of 
peduncles 
eurved 


19 


oO) 
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back from, a small stream.* They all look like J. virginiana, and as in the 
colony at Chamberlain there is some admixture of J. scopulorum so that but 
two individuals (marked by asterisks) would be unquestionably identified 
as J. virginiana. However, here a different set of characters from J. scopu- 
lorum is infused into J. virginiana. There are no hooked peduncles on any 
of the four fruiting plants, but nearly half the trees have the non-over- 
lapping leaves of J. scopulorum. One tree has the blunt leaves of J. scopu- 
lorum, but none has the long glands characteristic of the western species. 
As at Chamberlain, the averages of leaf size run the gamut from J. virgini- 
ana to J. scopulorum, with many intermediates. 


TABLE 9. Summary of tables 1-8; tendencies of characters in each region. 


—_ Over- Length of 
Epidermal ; . ras " 
ells lapping foliar Leaf tips Peduncles 
cells . 
of leaves gland 
Portland, Conn. All All All All All 
virginiana virginiana virginiana virginiana virginiana 
Seattered in Approach All virg. All virg. All virg. All virg. 
Kans. scopulorum 
Ogallala, Neb. Range from All virg. All virg. lloutof12 4outof 5 
virg.-scop. virg. virg. 
Lewellen, Neb, Range from All virg. All virg. 9 out of 12 All virg. 
virg.-scop. virg. 
Ainsworth, Neb. Rangefrom 7 out of 16 All virg. All virg. All virg. 
virg.-scop. virg. 
Chamberlain, Rangefrom 7 outof9 All virg. All virg. All scop. 
S. D. virg.-scop, virg. 
Cedar Pass, Range from 30 virg. 33 virg. 14 virg. 1 virg. 
S. D. virg.-scop. 8 scop. 5 scop. 24 scop. 4 scop. 
Interior, 8. D. Range from 3 virg. All scop. All scop. All scop. 
virg.-scop, 3 scop. 
Upper Tunnel, All scop. All scop. All scop. All scop. All scop. 


S. D. 


Two large mass collections have been made in southwestern Nebraska 
(9, 10 in figure 6) by Dr. Walter Kiener; from each of these 12 individuals 
have been examined and the results presented in tables 7 and 8. Like the two 
mass collections in northern Nebraska, they are very similar, indicating some 
degree of regional uniformity.® For the most part they are all fairly pure 
J. virginiana, but the influence of J. scopulorum is shown by the tendency 
toward wide epidermal cells. 

The material from Kansas, loaned to me from Kansas State College by 
Prof. F. C. Gates, is mostly pure J. virginiana, but a few sheets from scat- 
tered regions (11—16 in figure 6) show the wide epidermal cells of J. scopu- 
lorum. Three mass collections from Kansas were examined, and all proved 


4 Dr. Walter Kiener writes me that this stream is Bone Creek. 
5 Meaning that the colonies within a region vary in the same way, not that all indi- 
viduals in a region are alike. 
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to be pure J. virginiana: Dr. Gates made a very large collection in Riley 
County, of which 142 individuals were studied; Rev. S. V. Fraser collected 
9 individuals in Cloud County; and at Sedan, Chautauqua County, 12 indi- 
viduals were collected by Homer Stephens, L. H. Shinners and Grant 
Cottam. 

CONCLUSIONS 

Colonies in the east are pure J. virginiana; in Kansas occasional plants 
show a slight tendency toward J. scopulorum; in Nebraska this tendency is 
stronger; in the Bad Lands of South Dakota colonies show a completely 
scrambled mixture of characters of the two, then grade off to pure J. scopu- 
lorum in the west. These facts are shown in tabular form in table 9. 

The mixture at Cedar Pass, where there seems to be no correlation of 
characters, is probably the result of a comparatively recent meeting of the 
two present species. There has probably not been time for a scattering of 
the variability,® and there have probably been successive migrations of one 
or both parents, which have kept variability at a high level. At Chamber- 
lain (table 3; 6 in figure 6) the meeting was probably farther in the past, and 
back-erosses with J. virginiana have been possible, so that the J. scopulorum 
characters have been largely swamped out, persisting strongly in the hooked 
peduncles and to some extent in the tendency of some individuals to have 
wide epidermal cells. The situation is much the same at Ainsworth (table 6; 
8 in figure 6), but, as might be expected, scattering of the variations has left 
a set of J. scopulorum characters, different from the set left at Chamberlain. 
In Kansas, where there is a gap between the present ranges of the two spe- 
cies, the tendency of occasional individuals of J. virginiana toward having 
the wide epidermal cells of J. scopulorum suggests an ancient incursion of the 
range of the latter species into that of the former. 

The writer wishes to express appreciation to the Wisconsin Alumni 
Research Foundation for grants making possible the studies of these trees 
over a large part of their ranges, to the Arnold Arboretum for loans of 
material, and to the several gentlemen mentioned in the text, who have made 
mass collections in critical areas. 


SUMMARY 


Where Juniperus virginiana grows by itself, and where J. scopulorum 
grows by itself, each species retains pure specific characteristics, except in 
areas in the western part of the range of J. virginiana where certain ten- 
dencies toward J. scopulorum suggest an ancient incursion of that species. 
Where the ranges of the two species meet, all recombinations of the charac- 
ters of each occur in individuals of one colony. 

DEPARTMENT OF BOTANY, UNIVERSITY OF WISCONSIN 

MADISON, WISCONSIN 


6 See Dobzhansky, Genetics and the origin of species, p. 130, 132. 
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SUPPLEMENTARY NOTES ON AMERICAN LABIATAE—III’ 


CARL EPLING 


STACHYS 


S. LAMIOIDES Benth. CoLomBiA: CoMISARIA DEL PUTUMAYO: alta cuenca 
del rio Putumayo en El Valle de Sibundoy extremo E., junto a San Fran- 
cisco, 2200 m., Cuatrecasas 11548. 

S. calcicola Epling, sp. nov. Herba perennis prostrata repens et in nodis 
radicibus erassiusculis radicantibus, caulibus pilis gracilibus patentim vil- 
losis, internodiis ramulorum floriferum quam folia brevioribus vel paulo 
longioribus, ramulorum procurrentium duplo triplove longioribus ; foliorum 
laminis ovalibus, 1.5—2.5 em. longis, crenato-serratis, subtus venulosis, paginis 
ambabus pilis gracilibus mollibus appress-hirsutis ; petiolis plerumque 5—10 
mm. longis ; floribus tribus in foliorum deminutorum supremorum dispositis, 
glomerulis plus minusve confertis; calyeum florentium tubo 3—4 mm. 
longo, extus molliter appresso-hirsuto, dentibus deltoideis 1.5-2 mm. longis, 
obtusis, muticis; corollarum tubo 6—7 mm. longo, sat crasso, integro, intus 
supra tubi basim 3 mm. transverse annulato, labia superiore 6—7 mm. alta; 
staminibus e tubo sub galeam 5 mm. exsertis. GUATEMALA: Dept. HUEHUE- 
TENANGO: vicinity of Chémal, summit of Sierra de los Cuchumatanes, alt. 
3700-3750 m., rocky lime outcrops with Juniperus Standleyi, August 8, 1943, 
Steyermark 50266, type (UCLA). In pubescence, as well as habit, this spe- 
cies suggests S. ajyugoides of California or S. sericea of Chile, but the annulus 
in the corolla tube of these species is oblique, rather than transverse. Perhaps 
it is more nearly allied to the former. 

S. glechomoides Epling, sp. nov. Herba perennis decumbens caulibus 
gracilibus debilibus utrimque solim ad angulos pilis brevibus gracilibus 
retrorso-appressis sat dense vestitis internodiis quam folia duplo longioribus ; 
foliorum laminis cordato-ovatis, etiam rotundatis, 1.5-2.5 em. longis, in 
apice obtusis vel infimis rotundatis, paginis ambabus pilis gracilibus sparse 
vestitis vel inferiore glabra, marginibus obtuse crenatis, crenis plerumque 
15-20; petiolis gracilibus 20-30 mm. longis, hirsutis; floribus plerumque 
tribus in foliorum supremorum et bracteorum deminutorum axillis dis- 
positis, glomerulis inter se 1—3 em. distantibus; calyeum florentium tubo 
3-3.5 mm. longo, extus sparse hirtellis. dentibus 1.5-2.5 mm. longis, acumi- 
natis, ciliolatis, spinulosis, in maturitate non visis; corollarum rosearum tubo 
sat crasso, integro, 9-10 mm. longo, intus circiter 3 mm. supra basim trans- 
verse annulato, labia superiore 4—5 mm. alta; staminibus 2.5-3 mm. e tubo 
sub galeam exsertis. GUATEMALA: Dept. HUEHUETENANGO: Wet cloud for- 
est at Cruz de Simon, between San Mateo Ixtatan and Nuea, Sierra de los 
Cuchumatanes, alt. 2600-3000 m., July 31, 1942, Steyermark 49789, TYPE 
(UCLA). Wet cool cloud forest between Canana and Quetzal, Cerro Canana, 
between Micapuxlac and Canana, Sierra de los Cuchumatanes, alt. 2500- 
2800 m., July 18, 1942, Steyermark 49102. It is not without reluctance that 


1 See Bull. Torrey Club 67; 509-534. 1940; 68: 552-568. 1941. 
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[ describe this species in so difficult a genus and section. The species is allied 
to 8. costaricensis and much resembles the type of that species in habit. The 
distinctive appressed pubescence which occurs only along the angles of the 
stem and the leaf margins suggests that it is not the same. The crenations of 
the leaf margins of 8S. costaricensis are usually 30-40 in number and are 
generally more acute; the pubescence is of a different sort, not confined to 
the angles, and is retrorse but not appressed. 

S. LINDEN Benth. GUATEMALA: DEPT. SUCHITEPEQUEZ: Volean Santa 
Clara between Finea El Naranjo and upper slopes, 1250-6250 m., Steyer- 
mark 46694, Chiapas. Mt. Tacana, 2400-4038 m., Matuda 2310. What may 
prove to be an outlying variant of this species has been collected by Gentry 
(No. 1144) in Mexico at San Bernardo, Sonora. It is a more slender, less 
hispid plant, with more slender corollas and shorter calyx teeth. 

S. ERIANTHA Benth. GUATEMALA: Dept. HUEHUETENANGO: between 
Tojquia and Caxin bluff, summit of Sierra de los Cuechumantanes, 3700 m., 
Steyermark 50219. This is the first collection I have seen from Central 
America of this species, which hitherto has been known only from Mexico 
and northern South America. This collection resembles the South American, 
rather than the Mexican specimens. 

S. COSTARICENSIS Brig. GUATEMALA: Dept. ZACAPA: upper slopes, along 
Rio Repollal to summit of mountain, 2100-2400 m., Steyermark 42534. 
Steyermark 42940, Dept. Zacapa, between Santa Rosalia de Marmol and 
Vegas, may represent the same species, but the calyces are large and atypi- 
eal. Steyermark 48944, eollected near Nucapuxlac, may be a depauperate 
form. 

S. RADICANS Epling. GUATEMALA: Dept. HUEHUETENANGO: alpine areas 
in vicinity of Tunima, Sierra de los Cuchumatanes, 3400-3500 m., Steyer- 
mark 48394. Also collected in the same region by Skutch (No. 1216, 1225), 
but not previously known from Central America. 

S. GUATEMALENSIs Epling. GUATEMALA: Dept. HUEHUETENANGO: be- 
tween Barillas and Cerro Victoria, Sierra de los Cuchumatanes, 1700-1800 
m., Steyermark 49694. Very similar to the type which was collected in Alta 
Vera Paz. 

S. (?) NuBiLoruM Epling. GuATEMALA: Dept. HUEHUETENANGO: vicin- 
itv of Chemal, summit of Sierra de los Cuchumatanes, 3700-3750 m., Steyer- 
mark 50315. The type of this species was collected in Chimaltenango at Santa 
Elena. The present specimen differs in regard to leaf shape, pubescence and 
calyx, but not improbably represents the same species. 

S. coccinea Jaeq. GUATEMALA: HUEHUETENANGO: Cerro Pixpix, above 
San Ildefonso Ixtahuacan, Steyermark 50576. Add the following synonyms: 
Cedronella pallida Lindl. Bot. Reg. pl. 29. 1846. Brittonnastrum pallidum 
Briq. in E. & P. Nat. Pfl. 4(3A) : 235. 1897. 

S. LANATA Jacq. PERU: Huancavetica: Prov. Castrovirreina, near Cor- 
dova, 3050-3300 m., among rock fences, Metcalf 30264. A Mediterranean 
cultigen, perhaps naturalized here. 

S. perUVIANA Domb. ex Benth. Peru: Ayacucno: Prov. Luecanas, 6 km. 
from Puquio, 3200 m., Metcalf 30334. Very similar to Dombey’s type. 
Although searcely annulate, the corolla tube is hirtellous within. 
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MINTHOSTACHYS 


The putative species of Minthostachys range widely and are differen- 
tiated on slender grounds of pubescence, calyx differences, corolla size and 
leaf habit. One is frequently led to doubt the existence of more than one 
highly variable species. Nevertheless, similar or nearly identical forms are 
frequently found in various parts of the range. The following are of interest. 


M. spicata (Benth.) Epl! Peru; Huancaveuica: Prov. Castrovirreina, 
near Cordova, 3050-3300 m., Metcalf 30285. Ayacucno: Prov. Lucanas, 
along road Puquio to Lucanas, 3200 m., Metcalf 30329. 


M. mouuts (Kunth) Griseb.! Peru: Lima: Prov. Huarochiri, valley of 
Rio Rimae, near Lima-Oroyo highway, 9) km. east of Lima, 2900 m., Good- 
speed and Weberbauer 33055. Very similar to Kunth’s type found in Eecua- 
dor, probably near Cuenea, and to Lehmann 5823 from the same locality. 


M. TOMENTOSA (Benth.) Epl.! Peru: Cuzco: Prov. Quispicanchis, near 
Marcapata, 300 m., Metcalf 30732. Very like Bentham’s type collected by 
Ruiz and Pavon, possibly in Junin, and like Killip and Smith 24252, also 
collected in Junin. Weberbauer 7879, collected at Marecapata, is therefore 
more probably M. tomentosa rather than M. setosa, as previously determined 
by me. Metcalf 30724, also from Marcapata, is probably also referable here, 
but differs not only in aspect but especially in the distinctly ovate-acuminate 
calyx teeth. 


M. serosa (Briq.) Epl.? Peru: Prov. Sandia, near Limbani, 3200-3450 
m.. Metcalf 30499. Very similar in floral strueture and pubescence to 
Briquet’s type, collected by Kuntze in Bolivia at Rio Juntas, but the leaves 
larger and less acuminate. Plants with the same flowers also occur in Ecuador 
(Bourvar: Penland 674) and in Peru (Killip and Smith 22308). They differ 
in aspect and pubescence. 


LEPECHINIA 


L. CAULESCENS (Ort.) Epling. Mexico: SINALoOA: Ocurahui, Sierra 
Surotato. Pine forest, 6000-7000 ft., Gentry 6171. GuaTEMALA: Dept. HvE- 
HUETENANGO: near Soloma, Sierra los Cuchumatanes, 2400 m., Steyermark 
419966. 


L. numiuis Epling. CoLomBiA: Dept. pet BoyacA: Paramo de Guina, 
3200 m., Barriga 9794. 


L. SALVIAEFOLIA (Kunth) Epling. CoLomsiA: Dept. pe BoyacA: Paramo 
de Santa Rosa, entre Santa Rosa de Viterbo y Cerinza, 2950 m., Cuatrecasas 
and Barriga 9725. 


L. BULLATA (Kunth) Epling. CoLompia: CoMIsARia DEL PUTUMAYO: 
alta cuenca del rio Putumayo en El] Valle de Sibundoy extremo E., junto a 
San Francisco, 2200 m., Cuatrecasas 11545. 
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L. VESICULOSA (Benth.) Epling. Soukup 441, labelled as coming from 
Puno, Peru, was in fact collected at Maecchupichu, Cuzco (fide E. P. Killip). 

L. Rapuxta (Benth.) Epling. PrEru: Dept. HUANCAVELICcA: Prov. Taya- 
caja, Surcubamba, 2600 m., Stork and Horton 10355. 

Lepechinia (Speciosae) sagittata Epling. sp. nov. Herba perennis in 
specimine suppetente vivo altitudine circiter 40 em. caulibus paucis ascen- 
dentibus pilis pustulato-ramosis et glandulosis subsessilibus conspersis, inter- 
nodiis quam folia brevioribus; foliorum laminis pulchre sagittatis, viridi- 
bus, mediis 5-6 em. longis, 3—3.5 latis, acutis, marginibus crenato-serratis, 
pagina superiore rugosa, ambabus pilis ramosis et glandulis sessilibus con- 
spersis, petiolis 2-2.5 em. longis; floribus tribus in verticillastris, bracteis 
perstatis membranaceis subtentis, in spicis interruptis dispositis, glomerulis 
inter se 1-1.5 em. distantibus; calyeum florentium tubo 3.5 mm. longo, 
obliquo, extus sparse hispidulo et glandulis sessilibus consperso, dentibus 
acuminatis, superioribus cireiter 1 mm. longis, inferioribus duplo longi- 
oribus, in maturitate tubo campanulato, 8 mm. longo, dentibus superioribus 
2 mm., inferioribus 3 mm. longis; corollarum albidarum tubo 6 mm. longo, 
supra basim 2.5 mm. piloso-annulato; nuculis atris, circiter 2 mm. longis. 

Grown at Los Angeles from seeds collected by Dr. T. H. Goodspeed in 
western Argentina, TYPE at the University of California (Los Angeles). 

L. MeYENr (Walp.) Epl. Peru: Huancavenica: Prov. Castrovirreina, 
near Cordova, 3050-3300 m., Metcalf 30265. 


SCUTELLARIA 


27. S. TESSELLATA Epling. A collection made by Waterfall (No. 5087) 
in Culberson County, Texas, may represent a quite glabrous form of this 
species. If so, it is the first of the section in which pubescence is wanting. 
No nutlets are preserved, hence determination is inconclusive. The leaves, 
however, suggest that an undescribed entity is represented, for they are 
widest near the base, are obscurely and rather coarsely dentate, somewhat 
after the habit of S. cardiophylla, and are differently veined, the principal 
veins tending to arise near the base. 

62. S. (?) PSEUDOCAERULEA Briq. MExico: SInALoOA: Ocurahui, Sierra 
Surotato. Pine forest, 6000-7000 ft. Gentry 6313. Allied to this species of 
central Mexico and assuredly one of the 8. caerulea species group. The only 
other species of this section known from Sinaloa is 8. russelioides of quite 
different habit. 

75. S. ortcHALcea J. D. Smith. GuaTeMALA: Dept. 1zABAL: along Rio 
Frio and tributaries, 75-150 m., Steyermark 41573. 

95. S. Moctrntana Benth. GuATEMALA: Dept. HUEHUETENANGO: Cerro 
Chiblac, between Finca San Rafael and Ixean, Sierra de los Cuchumatanes, 
1200-2000 m., Steyermark 49155. Apparently this species, heretofore known 
only from the state of Vera Cruz, Mexico. 

98. S. (?) coccrnga Kunth. Comisaria pe Putumayo: selva higrofila 
entre Quebrada de la Hormiga y San Antonio del Giiarmes, 330 m., Cuatre- 
casas 11160. 

110. S. SELERIANA Loesen. GUATEMALA: Dept. ZACAPA: upper slopes, 
along Rio Repollal to summit of mountain, 2100-2400 m., Steyermark 42472. 
The nutlets of this specimen are black and minutely pappillate. 
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112. S. Permomia Epling. Ecvapor: Bouiivar: Magdalena to Balsa- 
pampa, Haught 3288. 
MONARDA 
M. AUSTROMONTANA Epling. Mexico: SinaLoa: Ocurahui, Sierra Suro- 
tato. Seattered colonies, pine forest, 6000—7000 ft., Gentry 6181. 


PELTODON 


P. pusmutus Pohl. Brasm.: Marto Grosso: Braco, Rio Arinos, Baldwin 
3064. 

SATUREJA 

S. exurptica (R. & P.) Briq. Add as a synonym Gardoquia pilosa Gray, 
Proce. Am. Acad. 5: 341. 1862. The Type is at the U. S. National Herbarium. 
According to E. P. Killip, to whom I am indebted for this note, Gray’s species 
is listed in the Index Kewensis as coming from the Fiji Islands although in 
fact collected at Banos in Peru. 

S. GUATEMALENSIS Stand]. GUATEMALA: Dept. HUEHUETENANGO: La 
Sierra (Tujimach); across river from San Juan Atitan, Sierra de los 
Cuchumatanes, 2500-2900 m., Steyermark 52014. Suggests a shade form, 
just as the following suggests a sun form: Trail between Todos Santos and 
San Juan Atitan, Sierra de los Cuchumatanes, 2600-2700 m., Steyermark 
51957. The differences in aspect are extreme. 

S. BOLIVIANA (Benth.) Briq. The typical form of this widespread species 
is glabrate, with narrowly obovate entire leaves; the stems appear to be 
strict. This form ranges from Peru to Tucuman. In Argentine, ranging into 
adjacent Bolivia, is a variant | var. tarijense (Wedd.) Epl.| in which the habit 
is more lax, the leaves notably larger, rhomboid-elliptical and more or less 
serrulate. These forms intergrade. Now, in Peru, appears what seems to be 
a variant of this latter in which the branchlets, instead of being minutely 
hirtellous with more or less spreading hairs are definitely pubescent with 
downwardly curled hairs; the leaves also are cinereous and minutely hirtel- 
lous. The flowers are fascicled on short axillary branchlets. It is represented 
by Metcalf 30707, collected in Peru, Dept. Puno, Prov. Sandia, 7 km. on road 
from Cuyoecuyo to summit, at 3600 m. Metcalf 30435, collected in the same 
province 2-6 km. south of Limbani, is intermediate, and Metcalf 30687, 
collected 8 km. from Chucinto, is typical of the species. The extremes are so 
unlike as to suggest a specific difference. 


HEDEOMA 
H. costatum Gray. TEXAS: HupspetnH County: Upper end of Victoria 
eanyon, Sierra Diablos, Waterfall 4813. 
H. Drummonpr Benth. Texas: Hupspeta County: 1 mile west of 
McAdoo Ranch near Victoria canyon, Sierra Diablos, Waterfall 5357. 
SALVIA 


S. summa A. Nels. What appears to be this species, described from S. E. 
New Mexico, (or perhaps a form of 8S. Henryi Gray) has been collected in 
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the Sierra Diablos, Hudspeth Co., Texas, by Waterfall (No. 5375). The 
specimen is inadequate. The distribution and range of variation of the group 
of species to which S. summa is allied (S. Roemeriana, 8S. Henryi, 8. David- 
soni, and an undescribed species from N. E. Mexico) are imperfectly known. 
Much more material than is available is needed for study. 

2. S. OCCIDENTALIS Sw. GUATEMALA: Dept. RETALHULEU: vicinity of 
Retalhuleu, 240 m., Standley 88626. 

9. S. princurrotia W. & 8S. Mexico: Curmuanva: Canyon de las Varas, 
Santa Clara Mts., 5675 ft., Shreve 9042. 

32. S. TerRESAE Fern. Mexico: MExico: Temascaltepec, Temascaltepec, 
1750 m., Hinton 1117. Same, Teneria, 2000 m., Hinton 952. Same, Mina de 
Agua, Hinton 16075. 


41. S. LAVANDULOIDEs Kunth. GuATEMALA: Dept. HUEHUETENANGO: 
top of Cerro Chemalito, Sierra de los Cuchumatanes, 3.5 mi. West of Santa 
Eulalia, 3100-3150 m., Steyermark 49923. A form with minute appressed 
silvery pubescence which oceurs throughout the range of the species (Michoa- 
can, Hinton; Chiapas, Matuda). 

42. S. Aenes Epling. Micwoacan: Cloud forest, Mun. Tancitare, 
10,500 ft., Leavenworth and Hoogstraal 4036. The annual stems arise from a 
tuberous woody caudex. 

57. S. corrucATA Vahl. Ecuapor: Bo.LivAr: San Juan to Guaranda, 
3600 m., Haught 3281. 

59a. S. LEUCOCHLAMYs Epling. GUATEMALA: Dept. HUEHUETENANGO: 
dry southwest-facing slopes of Sierra de los Cuchumatanes, between Chi- 
antla and Patio de Bolas, 2100-2500 m., Steyermark 48230; 48231. The see- 
ond specimen cited is similar to the type, collected in the same region; the 
first is much less densely tomentose. The petioles may be as much as 1 em. 
long. Mountains west of Aguacatén on road to Huehuetenango, 1950 m., 
Standley 81185. 


65. S. orEoPoLA Fern. A plant which may be referable to this species 
has been collected by Hinton. (No. 16069) at Amoloya, Sultepec, State of 
Mexico. 

103. S. PICHINCHENSIS Benth. Ecuapor: Bouivar: Balsapampa, 2500 
m., Haught 3301. 


107a. S. camporum Epling, sp. nov. (17. Macrostachya.) Herba perennis 
altitudine ad 1 m. caulibus glanduloso-villosis sordidis sat crassis; foliorum 
laminis cordatis, crassiusculis ad 10 em. longis (? et ultra), petiolatis, in 
apice acuminatis, serrulato-crenatis, pagina superiore dense villosula, in- 
feriore albo-tomentosa molle; floribus verisimiliter oppositis in spicis brevi- 
bus confertis bracteis deciduis (semper?) bidentatis subtentis; calyeum 
extus glanduloso-villosorum labia superiore (semper?) tridentata, quam 
inferior longiore, 7-venis at tamen tribus prominulis, dentibus inferioribus 
deltoideis, tubo labiam superiorem subsequente, 3.5 mm. longo, in maturitate 
vix aucto ut videtur lateraliter compresso ; corollarum cyanearum tubo recto 
11 mm. longo, intus nudo tamen ut videtur lateraliter bisaccato; labia su- 
periore acuto, inferiore in toto non viso tamen verisimiliter quam superior 
longiore et patente; staminibus e tubo 15 mm. exsertis paulo supra medium 
positis, gubernaculo in basi deltoideo-ampliato ; stylo glabro, ramo superiore 
breviore. 
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Peru: AMAzonas: Prov. Chachapoyas, 2 km. north of Chachapoyas, 
2350 m., in any open grassland, red clay and rocky soil, Metcalf 30805 
(USNH, type). 

108. S. MACROPHYLLA Benth. Peru: Dept. HUANCAVELICA: Saleabamba, 
3300 m., Stork and Horton 10294. 


113. S. scUTELLARIOIDES Kunth. COLOMBIA: CORDILLERA OCCIDENTAL: 
vertiente occidental cerca del filo divisorio entre el Depto. de El Valle y La 
Intendencia del Choed, al norte de Alban, 2100 m., Dugand and Jaramillo 
3051. 

118. S. MENDAx Epling. GuATEMALA: Dept. Ext ProGREso: between 
Finca Piamonte and top of Montana Piamonte, along Joya Pacayal, 2500 
3000 m., Steyermark 43713. 

119. S. parens Cav. Mexico: MExico: Sultepec, Almoloya, Hinton 
16072. The ealyees are small, resembling those of 8S. mendax of Guatemala; 
for the rest, this specimen seems referable here. 

138. S. RUBESCENS Kunth. CoLomBiA: ANTIOQUIA: San Pedro, Bro. 
Tomas 1004. 

139a (262). S. (LONGIPES) MADRENSIS Seem. MEXICO: SINALOA: Que- 
brado de Mansana, Sierra Surotato. Oak forest, 4000-4500 ft. Gentry 6411. 
Previously known only from the type, collected by Seemann in the ‘‘ Sierra 
Madre’’ of N. W. Mexico, and assigned by me to section Dusenostachys to 
the species of which it bears resemblance. This specimen, however, permits 
a more satisfactory examination of the corollas which indicate its reference 
to the following newly erected section : 


Sect. 29a. Longipes Epling, sect. nov. 


Herbae perennes sat crassae altitudine 1—2 m., foliis amplis ovato-cordatis 
petiolis sat longis elatis; floribus plerumque 12 et ultra in verticillastris in 
spicis interruptis elongatis speciosis flavidis dispositis; pedicellis gracilibus 
calyces subaequantibus vel longioribus; bracteis deciduis; calyeum labiis 
subaequilongis, superiore 7-venis; corrolis pallide flavidis intus nudis, labiis 
subaequilongis; staminibus inter tubi medium et fauces positis, in galea in- 
clusis ; gubernaculo ad medium dente retrorso ornato; stylo utrimque pubes- 
cente, ramo postico longiore. Plantae Mexicanae. 

This newly proposed section bears a general resemblance to the sections 
Rubescentes, Ampellophyllae and Dusenostachys. It differs from all of them 
in the details of structure of the calyx and corolla. In the general key it 
would be sought near Secundae. The key (p. 11, line 4) should therefore be 
amended to read as follows: 

DD. Staminum gubernacula vel integra vel ad connexum in dentem parvum extensum 

vel retrorsum ornata. E. Stamina inter corollae tubi medium et fauces posita (vide 

etiam Albolanatas et Rubescentes). F. Pedicelli 2-6 rarius 10 mm. longi; plantae 
austro-americanae, S. Dugesiana excepta. 

91 Secundae. FF. Pedicelli plerumque 10-20 mm. longi; plantae sinaloenses floribus 

flavidis. 29a. Longipes. 


154. S. HAENKer Benth. Soukup 400 labelled as coming from Puno, 
Peru, was in fact collected at La Paz, Bolivia (fide E. P. Killip). 
172. S. caLocauictna Briq. CoLomBIA: CoMISARIA DEL PuTUMAyo: alta 


cuenea del rio Putumayo en El Valle de Sibundoy extremo E., junto a San 
Francisco, 2200 m., Cuatrecasas 11539. 
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173. S. cinnaBARINA M. & G. GuATEMALA: Dept. Ex Progreso: Hills 
between Finca Piamonte and slopes southeast, 2400-2500 m., Steyermark 
13460. 

174. S. eLeGANsS Vahl. Add as a probable synonym 8. rutilans Carr. 
in Rev. Hortic. 251.1873. Specimens from the Cambridge Botanie Garden, 
thus named by Gray and received by me from Prof. L. H. Bailey are refer- 
able to Salvia elegans. 

189. S. Moctnor Benth. GUATEMALA: Jutiapa: Hills between Jutiapa 
and Plan de Urrutia, 900-1200 m., Standley 75469; 75618. Between Jutiapa 
and Las Tunas, 850-900 m., Standley 76292. Jutiapa, 850 m., Standley 
75693. Esecuintla: Wooded barranea of Rio Burrion, northeast of Eseuintla, 
720 m., Standley 89567. 

219. S. rupIcoLA Fern. Mexico: 175 km. north of Mexico City (pre- 
sumably on the international highway), 16.VI1.1940, R. D. Northeraft 6. 
Hidalgo: Tasquillo, 8000 ft., 17.VII. 1940, Hitchcock and Stanford 7255. 
A shrub to 1.5 m. or more, the leaves 1-3 em. long, rounded or subeordate 
at the base, the petioles mostly 8-15 mm. long. The type of this species 
(Purpus 431) was evidently a small leaved form. However, Rose’s specimen 
from the same locality clearly connects the above-cited specimens. 

224a. S. caprLLosa Epling. Mexico: MExico: Sultepec, Amoloya, Hin- 
ton 15399. Apparently this, but the leaves smaller and less cordate, the 
flowers smaller and the spikes more dense than the plants of Michoacan. 

225. S. Urica Epling. GuaTEMALA: Dept. Zacapa: Sierra de las Minas, 
Steyermark 42935 ; 42415. 

244. S. azurgea Michx. ex Lam. subsp. rypica Epling. Trxas: JASPER 
County: Near Jasper, Lundell and Geiser 11811. NEwton County: East of 
Newton, Lundell & Geiser 11889. 

279. S. compacta Kuntze. PANAMA: El] Volean, Rio Chiriqui Viejo, 
G. White 44. Probably an extreme form of S. polystachya. 

294. S. eraciuis Benth. GUATEMALA: DEPT. HUEHUETENANGO: above 
San Juan Ixcoy, Sierra de los Cuchumatanes, 2400 m., Steyermark 50082. 
The flowers of this section (Carneae) are ordinarily rose-purple and the 
calyces are often similarly colored, as in Skutch 1090 from the same locality 
as the above-cited specimen. However, Skutch reports the ‘‘ throat white with 
a rose-magenta line down center.’’ Steyermark describes the corolla of his 
specimen as follows: ‘‘Lower lip of flower white with orchid-rose-colored 
margin; upper lip of corolla whitish with pale, orchid-colored tip.’’ He 
describes No. 50084 from the same locality as ‘‘calyx purple; flower with 
more orchid-rose color,’’ and No. 51879 as a ‘‘rich orchid color, the lower 
lip with a patch of white in upper center.’’ 

309. S. caupata Epling. Nuevo Leén. Villa de Santiago, near Horse- 
tail Falls, Leavenworth 809. The bracts may be fairly early deciduous, the 
ealyces as much as 11.5 mm. long at anthesis and scarcely larger at maturity, 
and the corolla tube may be 13 mm. long. 

319. S. MYRIANTHA Epling. GuATEMALA: Dept. Ex Progreso: Sierra 
de las Minas, Steyermark 43651. 

319a. SALVIA PSILOPHYLLA Epling. Panama: Cuiriguf: Potrero Muleto 
to summit, Voleén de Chiriqui, 3500-4000 m., Woodson and Schery 452. 
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According to the collection data, this specimen came from a small tree to 
3 m. in height. 

329. S. LONGIMARGINATA Briq. VENEZUELA: ARAGUA: Parque Nacional, 
near Rancho Grande, 800-1000 m., forest, Killip 37125. 

336. S. XALAPENSIS Benth. Mexico: Mexico: Temascaltepec, Hinton 
16073. 

343. S. rpLAccipa Fern. GUATEMALA: Dept. [zABAL: Cerro San Gil, 
1200-1300 m., Steyermark 41948. 

352. S. PANSAMALENS!Is J. D. Smith. GuATEMALA: Depr. HUEHUETE- 
NANGO: Cerro Chiblac, between Finca San Rafael and Ixean, Sierra de las 
Cuchumatanes, 1200-2000 m., Steyermark 49156. Previously known only 
from the type, collected in Alta Vera Paz. 


Sect. 70a. Steyermarkia Epling, sect. nov. 


Frutices grandes insignes ramulis et foliis utrimque glaberrimis; foliis 
lanceolato-ellipticis, utrimque angustatis, coriaceis, breviter petiolatis; flori- 
bus magnam partem 6 (rarius 12) in glomerulis, in spicis interruptis sat 
confertis dispositis, bracteis insignibus purpureis subecoriaceis attenuatis 
modo hamatis modo sigmoideis deciduis subtentis; calyeum purpureorum 
labia superiore 7-venis acuminata quam inferior longiore; corollarum tubo 
complanato ad basim papillis binis longioribus transversis ornato, ventricoso, 
labia superiore galeata inferiorem subaequante; staminum ineclusorum 
gubernaculo ad medium infra connexum in dentem parvum producto; stylo 
ad apicem piloso, ramo antico breviore obtuso vel trunecato, postice attenu- 
ato; nuculis nigris, hilo obscuro.—The flowers of this proposed section are 
searcely different from those of Cardinales, and the bracts are similar in 
conformation. But the habit of foliage is so strikingly different and the whole 
aspect of the plant so unique, that it seems preferable to assign it to a sepa- 
rate section, which it is a pleasure to name in honor of Dr. Julian A. Steyer- 
mark, whose explorations in Guatemala have produced not only this remark- 
able species, but numerous others. 

The key to the sections (p. 12, line 11) should be modified to read as 
follows : 

MM. Corollarum tubi intus papillis binis ornati modo invagnati modo integri N. 
Folia sat membranacea, ovata vel cordata, petiolis 1-10 em. longis elata 70. Cardinales. 
NN Folia coriacea, lanceolata-elliptica, glaberrima, petiolis 3-8 mm, longis elata. 70a. 
Steyermarkia. LL Corollarum labia 


394a. S. grandis Epling, sp. nov. Frutex grandis altitudine ad 7 m. 
(!) ramulis glaberrimis, internodiis quam folia multo brevioribus; foliorum 
laminis laneeolato-ellipticis, 8-12 em. longis, 1.5—3 em. latis, coriaceis, venu- 
losis, acute serrulatis, paginis ambabus glaberrimis, inferiore pallidiore; 
petiolis 3-8 mm. longis; floribus saepius 3 rarius 6 in bracteorum insignum 
axillis dispositis, in spicis interruptis villosis 10-20 em. longis instructis; 
bracteis subcoriaceis, purpureis, attenuatis, caniculatis, hamato-recurvis et 
frequenter sigmoideis 1.5-3 em. longis, deciduis, extus purpureo-villosis ; 
ealyeum purpurearum florentium tubis 7-8 mm. longis, costatis, extus pur- 
pureo-villosis, in maturitate paulo auctis, labiis maturis 6-7 mm. longis, 
acuminatis; corollarum roseo-purpurearum tubis 16-17 mm. longis, labiis 
subaequilongis, 6 mm. longis; nuculis nigris. 
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GUATEMALA: Dept. Ex Progreso: hills between Finea Piamonte and 
slopes southeast, 2400-2500 m., 4.11.1942, Steyermark 43456; hills north of 
Finea Piamonte, between Finea Piamonte and summit of volean Santa Luisa, 
2400-3333 m., 5.11.1942, Steyermark 43482; between Calera and summit of 
volean Siglo, 2000-3300 m., 21.1.1942, Steyermark 43047 (TYPE, Univ. Calif., 
Los Angeles). Depr. ZACAPA: between Loma E] Picacho and Cerre de Monos, 
Sierra de las Minas, 2000-2600 m., 16.1.1942, Steyermark 42768. 


405. S. LEUCOCEPHALA Kunth. Ecvuapor: CHImMBoRAZO: Sibambe, 1900 
m., mostly near streams, Haught 3319. 


410. S Domsbeyr Epl. Peru: Puno: Prov. Sandia, near Limbani, 3200— 
3450 m., Metcalf 30476. 


Sect. 79a. Weberbaueria Epling, sect. nov. 


Frutices foliis amplis ovatis et cordatis villosis; floribus tribus in verti- 
cillastris bracteis deciduis amplis subtentis in spicis interruptis dispositis ; 
calyeum labia superiore 5—7 venis; corollarum violacearum tubo 40-45 mm. 
longo superne gradatim ampliato sat crasso, intus ad basim papillis 2-4 ornato 
et lateraliter bisaccato ; labia inferiore patente amplo quam superior galeata 
longiore; staminibus in labia superiore inclusis, gubernaculo integro; stylo 
glabro, ramo superiore longiore. Plantae peruvianae. 


413a. (olim 411) 8S. scanpDENs Epl. Peru : Puno: Prov. Sandia, near Lim- 
bani, 3200-3450 m., Metcalf 30489. The type, collected by Weberbauer in 
Cuzco near Marcapata was noted by him as scandent; this specimen was 
noted as a shrub 2 m. high. Because the flower parts of the type were inade- 
quate for an accurate description, the species can now be more fully charac- 
terized and classified. Because of the papillate corolla tube, the longer lower 
lip of the corolla and its violet color, it seems preferable to distinguish it 
from Longiflorae to which it was originally assigned by me. Weberbaueria 
would accordingly be sought in the general key on page 11 line 27 under 79. 
Longiflorae, which can be changed to read 79a Weberbaueria. 


418. S. PALMER! Gray. Mexico: Sonora: Canyon on the northeast side 
of Sierra Batuc, 10 mi. trom Matape between Matape and Batue, 3100 ft., 
Wiggins and Rollins 445. 


435. S. rorrvuosa Kunth. Ecuapor: Prov. Coropaxr: Between Pilaloa 
and Maeuchi, 2500 m., Haught 2957. Both the typical form with densely 
wooly ealyces and var. detonsa Epl., with glabrous calyces, are repre- 
sented.—Comisaria del Putumayo: alta cuenca del rio Putumayo en El Valle 
de Sibundoy extremo E., junto a San Francisco, 2200 m., Cuatrecasas 11560. 
Known previously only from Ecuador. The upper lip of the calyx of this 
species is sometimes clearly 5-nerved, as in this specimen. 


443a. S. areolata (Purpureae) Epling, sp. nov. Frutices altitudine ad 1 
m. ramulis dense tomentosis; foliorum laminis coriaceis 2.5-3.5 em. longis, 
ovatis, in apice obtusis, in basi rotundatis, marginibus obscure serrulatis, 
pagina superiore rugoso-areolata, areolis molliter hirsutis, inferiore mol- 
lissime et densissime tomentosa in siccis rufa; petiolis ad 1 em. longis; 
floribus 3-6 in verticillastris inter se ad 2 em. distantibus in spicis interrup- 
tis 5-10 em. longis dispositis, bracteis deciduis acuminatis molliter hirsutis 
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subtentis ; calycibus florentibus 8 mm. longis, extus tomentosis, in maturitate 
paulo auctis latioribus, pedicellis 2-3 mm. longis elatis; corollarum pur- 
purearum tubo 10 mm. longo. 


GUATEMALA: HUEHUETENANGO: Between Chémal and Calaveras, Sierra 
de los Cuchumatanes, 2800-3700 m., 9. VIII. 1942, Steyermark 50388. 
‘*With Agave. on southern rocky rim on summit of mountains. Leaves very 
rugose both sides, dull deep blue-grey-green above, buff-grevish beneath.”’ 
(I'M, TyPE). Seems closest in most ways to NS. sordida. 


443b. S. sparsiflora (Purpureae) Epling, sp. nov. Frutices altitudine 1 
m. et ultra ramulis pilis brevibus recurvis vel retrorsis hirtellis; foliorum 
laminis coriaceis in specimine suppetente 3—4 em. longis, ovato-ellipticis, in 
apice obtusis vel breviter acuminatis, in basi ad petiolos 5-6 mm. longos 
rotundato-angustatis, marginibus serrulatis, pagina superiore et inferiore 
praesertim ad venas hirtella; floribus paucis 1—3 in verticillastris inter se 
3-6 mm. distantibus in spicis interruptis 3—5 em. longis dispositis, bractiis 
caducis subtentis ; calycibus florentibus 7-8 mm. longis extus sparse hispidu- 
lis, in maturitate paulo auctis latioribus, pedicellis 5 mm. longis elatis; 
corollarum purpurearum tubo 12 mm. longo, infra papillas leniter constricto 
superne plus minusve ventricoso. 


GUATEMALA: HUEHUETENANGO: Between Los Palmas and Chacula, Sierra 
de los Cuchumatanes, 1400-1600 m., 1. VIII. 1942, Steyermark 51740 (FM, 
TYPE). Suggests S. Cuatrecasana in many ways and, with the preceding 
species, is more like the South American representatives of this section than 
those of North America. 


443c. S. Cuatrecasana Epling, sp. nov. Frutex ramulis pilis longiori- 
bus extensis sparse villosis, internodiis quam folia brevioribus; foliorum 
laminis subcoriaceis ellipticis, interdum ovalibus, plerumque 3-4 em. longis 
et 1—-2.5 em. latis, in apice obtusiusculis, in basi angustatis, serrulatis, pagina 
superiore sparse appresso-hirsuta, inferiore pallidiore fere glabra; petiolis 
3—4 mm. longis; floribus in spicas 3-6 em. longas confertis; calycibus flo- 
rentibus saepius purpureis 9-10 mm. longis, laciniis breviter acuminatis, 
extus glabris, venis prominulis; corollarum purpurearum tubo 12-13 mm. 
longo, labia inferiore modo quam superior breviore modo paulo longiore ; 
staminum jugo 9 mm. longo. 


CotomBiA: Dept. BoyacA: Cord. Oriental. Quebrada de Becerra al 
noroeste de Duitama, paramos entre bosque, 2970-3300 m., 4.VIII.1940. 
Cuatrecasas 10407 (USNH, Type). In habit and aspect, this plant suggests 
S. sphacelioides of sectibn Angulatae and also resembles 8S. Kellermanni of 
section Maxonia. However, the flower color-and structure, while not wholly 
tvpical of section Purpureae, suggest its reference here. 


ERIOPE 


E. angustifolia (Hypenioideae) Epling, sp. nov. Herba perennis alti- 
tudine ad 1 m. caulibus erectis ut videtur strictis et verisimiliter e caudice 
lignoso productis, nisi inter flores nisi ad radice utrimque glaberrimis et 
elaucis, internodiis elongatis et per insectorum larvas tumidis; foliis infimis 
et mediis ut videtur deciduis, supremorum laminis linearibus vel linearo- 
ellipticis 5-8 em. longis, 3-6 mm. latis, sessilibus, acutis, serratis, utrimque 
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glabris; paniculorum amplorum ramis subdivaricatis gracilibus, internodiis 
modo glabris et glaucis modo dense et minute glandulosis, etiam pilis longi- 
oribus extensis hispidis; floribus inter se 5-10 mm. distantibus, pedicellis 
gracilibus 4-5 mm. longis elatis; calycibus florentibus 3 mm. longis, in 
maturitate vix 5 mm. longis; corollis non v isis. 


Brasiu: GoyAz: In campo, Serra de Cipo, Santa Luzia, 20.1X.1937, 
Barreto 912A (Field Mus., TYPE). 


E. (?) Tevcriomwes St. Hil. Brastt: Goyaz: In eampo pedregoso, Serra 
de Cipé, Santa Luzia, 25.X1.1938, Barreto 8605. 


E. PILIFOLIA Benth. Brasi.: Minas GEerAEsS: In campo arenoso, Arranca 
Rabo, Diamantina, 3.X1.1937, Barreto 9383. 


E. trichopes (Crassipedes) Epling, sp. nov. Herba perennis diffusa 
altitudine 20-40 em. ramis subsimplicibus gracilibus e caudice lignoso 
ascendentibus, et ramulis brevibus ascendento-hirtellis et pilis crassiusculis 
conspersis; foliorum laminis parvis quam internodia multo brevioribus, 
rhomboido-ovatis, sat tenuibus, 4-6 mm. longis, pro rata grande et irregu- 
lariter dentatis, pilis crassiusculis conspersis; racemis foliolosis 10-20 em. 
longis ; floribus inter se 10-20 mm. distantibus, pedicellis tenuibus 12-15 mm. 
longis elatis; calycibus florentibus vix 1.5 mm. longis, in maturitate duplo 
longioribus ; corollarum tubo 2 mm. longo. 

CusBA: Isle of Pines, vicinity of San Pedro in pinelands, 15,171,1916, 
Britton, Wilson and Selby 14469 (TypgE, N. Y. Bot. Gard. ; isotype U.S.N.H.). 


Hyptis 


H. (Minthidium) mixta Epling, sp. nov. Herba verisimiliter perennis 
caulibus molliter pubescentibus, internodiis sat elongatis; foliorum laminis 
ovatis, 3.5-4.5 em. longis, acutis, in basi rotundato-angustatis, irregulariter 
serratis, pagina superiore hirtella, viride, inferiore molliter pubescente, 
eanescente ; glomerulis hemisphaericis 19-12 mm. diametro in spicis sub- 
moniliformibus dispositis, infimis inter se 2-3 em. distantibus, pedunculis 
2-5 mm. longis elatis, bracteis paucis subfoliosis, parvis ovato-lanceolatis 
subtentis ; calyeum florentium tubo vix 1.5 mm. longo, in maturitate 4.5 mm. 
longo, fere 2 mm. diametro, dentibus inequalibus brevibus linearibus vix 
1 mm. longis; corollarum albarum tubo 1.5 mm. longo, nuculis dorsaliter 
gibbis duobus tenuibus ornatis. 

Mexico: Oaxaca: Tuxtepec. Chiltepee and vicinity, 20 m., VII.1940— 
11.1941, Martinez-Calderon 251 (type, U.S.N.H.). 

A species which, while referable to this section by reason of the calyx and 
flower habit, has calyx teeth which are suggestive of those of sections Poly- 
desmia and Eriosphaeria. It is perhaps most nearly allied to H. scandens. 

H. scANDENS Epling. GUATEMALA: Dept. PETEN: semi-chaparral area, 
across river from Sayaxché, 50 m., Steyermark 46305. Previously known 
only from the type, collected at El Paso and described by the collector as a 
‘‘woody vine in acahual.’’ This specimen is described as a bushy herb 5 feet 
tall. 


H. (Cyrta: Paludosae) microsphaera Epling , Sp. nov. Herba inamoena 
altitudine 1.5 m., caulibus verisimiliter paucis ascendentibus pilis minutis 
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ascendentibus et plus minusve appressis hirtellis, internodiis elongatis et 
folia superantibus; foliorum laminis ovatis vel rhomboideo-ovatis, 1.5-3 em. 
longis, superiorum subsessilibus, inferiorum ad petiolos 2-4 em. longos 
cuneato-angustatis, in apice obtusis, in basi rotundato-cuneatis, crenato- 
serratis, utrimque tenuiter hirtellis, fere glabris; glomerulis in paniculis 
bracteatis dispositis, globosis, densis, 5-10 mm. diametro, pedunculis gracili- 
bus 1—-1.5 em. longis elatis, bracteis appresso-hirtellis fere glabris subtentis ; 
ealycibus florentibus vix 3 mm. longis, glandulis sessilibus dense obsitis, 
nullomodo hirtellis, dentibus quam tubus brevioribus, obtusis, tubis maturis 
vix 3 mm. longis; corollarum albarum tubo vix 3 mm. longo; nuculis ovoideis, 
.7 mm. longis. 

VENEZUELA: Bajos del rio Tigre, 1230 m., en Cristovero, ESE de San- 
tomé Anzoategui, 19.X 11.1940, Pittier 14597 (TYPE, Herb. Nac. Venezuela). 

H. stnvata Pohl. GuATEMALA: Dept. RETALHULEU: Along Rio Ocosito, 
east of Retalhuleu, 300 m., Standley 88279. Dept. Escuintla. Along or near 
Rio Michatoya, s.e. of Escuintla, 250-300 m., Standley 89079. 

H. sAVANNARUM Briq. GUATEMALA: ALTA VeRA PAz: Bogs near Santa 
Cruz along road to San Cristobal, 1350 m., Standley 92728. 

H. pinaATATA Benth. VENEZUELA: BoLivAR: Rio Paragua, near Chorrera 
de Aguacante, 260 m., sabanas, Killip 37559. 

H. ATRORUBENS Poit. Mexico: OAxaca: Tuxtepec, Chiltepec, and vic., 
20 m., in Llanos, Martinez-Calderon 366. 

H. puLeeiowes Pohl. VENEZUELA: COJEDES: sabanas south of San 
Carlos, 14.X1.1940, Chardon 218. 

H. recurvATA Poit. GUATEMALA: Dept. RETALHULEU : Along Rio Ocosito, 
west of Retalhuleu, 300 m., Standley 88268. Vicinity of Las Delicias, s. of 
Retalhuleu, 200 m., Standley 88048. 

H. conFerTA Pohl. var. ANGUSTIFOLIA Benth. VENEZUELA: BoLivar: Rio 
Paragua near Chorrera de Aguacante, 260 m., sabanas, Killip 37556. Be- 
tween Ciudad Bolivar and El Cristo, 100-300 m., sabanas, Killip 37634. 

H. INTERMEDIA Epling. GUATEMALA: Dept. HUEHUETENANGO: Between 
Ixean and Rio Ixean, Sierra de los Cuchumatanes, 150-200 m., Steyermark 
19.344. 

H. vitis Kunth & Bouche. VENEZUELA: Distrito FEDERAL: El Junquito, 
1925 m., forest, Killip and Rohl 37200. 

H. LANTANAEFOLIA Poit. Peru: PUNo: Prov. Sandia, near Pajonal, 1000- 
1300 m., Metcalf 30618. 

H. uncrnata Benth. Peru: Puno: Prov. Sandia, 2 km. N. of Chamacani, 
2500 m., Metcalf 30553. Same, 2-6 km. from Oconeque, 1800-2100 m., Metcalf 
30580. The latter is deseribed as a straggling vine. 


COLEUS 

C. ATROPURPUREUS Benth. CoLOMBIA: INTENDENCIA DEL CHOCO: Quibdé, 
Rio Atrato; alt. 60 m., Archer 1795. El Valle. Dense forest near highway 
bridge over Rio Dagua, about 20 km. east of Buenaventura, 40 m., Killip 
and Garcia 33319. VENEZUELA: ARAGUA: Parque Nacional; near Rancho 
Grande, 800—1000 m., forest, Killip 37124. 
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So far as | am aware this species has not heretofore been reported from 
the New World. The genus itself is generally considered to be wholly Old 
World, only C. Blumei sometimes being picked up in the American tropies 
as an escape. When Archer’s specimen gathered in 1931, first came to me, 
I assumed that it was a stray. But Killip’s collections, made in 1939 and 
1943, suggest the possibility that the species is at home in northern South 
America. However, Mr. Killip writes, ‘‘I suppose it is an introduction, 
though it occurs in out of the way places. I have found it in wet places along 
a railroad or in clearings in forests.’’ The Archer specimen was identified 
at Kew, presumably through the kindness of Mr. Sandwith. 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 
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CHROMOSOME NUMBERS IN VACCINIUM AND 
RELATED GROUPS 


Grorce M. Darrow, W. H. Camp, H. E. FiscHer, 
AND Hata DERMEN' 


Today, as never before, the plant breeder interested in the development 
of new horticultural material, and the taxonomist concerned with the de- 
limitation of species, have a common meeting ground. To do effective work, 
the plant breeder must have considerable knowledge of the cytogenetic 
systems of the group he is seeking to improve; and the taxonomist must 
clearly understand these same basic phenomena and the role they have 
played in speciation before his interpretation of the group can result in an 
effective nomenclature. This paper is one of a series based on a cooperative 
effort to solve the problems involved in the horticultural development and 
taxonomic interpretation of the North American blueberries (Vaccinium 
spp.), cranberries, and related groups. 

The early activity in the breeding of blueberries sponsored by the United 
States Department of Agriculture was carried on by F. V. Coville and O. M. 
Freeman; since 1938, the senior author has been in charge of the work. It 
was evident from the beginning that barriers were present to the free eross- 
ing of certain species, while others might be hybridized with ease. This was 
not satisfactorily explained until certain findings were reported by Coville 
and by Longley in companion papers. In his report, Longley (11) announced 
that three chromosome groups were to be found in blueberries, namely, 
diploid, tetraploid, and hexaploid. As a result of his breeding work, Coville 
(4) announeed that the members of the diploid and tetraploid groups would 
not hybridize, but that species within any chromosome group were inter- 
fertile. The importance of these facts was immediately obvious to those 
interested in the horticultural development of the blueberry. More recently, 
consideration of this and additional information has resulted in a systematic 
and phyletic reinterpretation of certain segments of the genus Vaccinium 
(1, 2) ; also, they have indicated the need for a clarification of the principles 
underlying speciation and related problems (3). 

Once it was clearly established that a knowledge of chromosome number 
was essential in any large breeding program in blueberries, steps were taken 





1 The first, third, and fourth authors are, respectively, senior pomologist, junior plant 
breeder (temporary appointment), and associate cytologist, Division of Fruit and Vege- 
table Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. 8. Department of Agriculture, Beltsville, Mary- 
land; the second author is from the New York Botanical Garden, New York, N. Y. 
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to speed up this phase of the work. Various reports in the literature indi- 
cated that it might be possible to distinguish between the different levels of 
polyploidy more rapidly by means of techniques other than those usually 
employed in the direct counting of chromosomes. In the beginning, these 
methods offered encouragement for it was noted that, in general, stomate 
size inereased and stomate frequency decreased from the diploids through 
the tetraploids and to the hexaploids (15, 14). Also, there was an apparent 
increase in the size of pollen grains correlated with a polyploidal condition. 
However, as the work progressed, aberrancies were noted. They were such 
that complete confidence could not be placed in these types of examinations. 

Since these methods have been successful in other genera and appear to 
be effective in restricted portions of our material, there must be some reason 
for their lack of more general application in Vaccinium. Briefly, it is our 
opinion that the extreme variability of the group, together with the com- 
plicated line of descent of certain of its segments, has disturbed what, other- 
wise, might be an expected morphological pattern in the development of 
the polyploids. 

Morphologically, some of the basic, diploid blueberry species are so dif- 
ferent that one is almost tempted to consider the group to have more than 
one line of descent; certainly, if they have diverged from a common an- 
cestral stock, it must have been fairly early in the Tertiary. On the other 
hand, our work has shown that these divergent elements—in various com- 
binations—have been the source of the allopolyploid species which it con- 
tains. Thus, in a broad study of the genus Vaccinium, we are faced with the 
problems of both divergent and convergent evolutions. The over-all picture 
of the group, then, is one with a more-or-less reticulate type of speciation 
(10, Chapter 6). 

Had we been dealing only with simple series of autopolyploids (some of 
which exist in Vaccinium), the examination of stomate size and frequency, 
or the relative size of pollen grains, might serve adequately to indicate 
whether a given plant was diploid, tetraploid, or hexaploid. But the fore- 
eoing brief discussion of conditions within the genus, together with the fact 
that our findings in both hybrid and allopolyploid complexes could not be 
completely relied upon, led us to reject such a method. Instead, it seemed 
safer to rely on a direct examination of the chromosomes to determine their 
number. Several of the standard cytological methods have been used. 

Table 1 is an annotated list of the results of this phase of the work,’ 
together with additional information from reports in the literature. In some 
instances the material included here was reported as belonging to other 
genera; in every case these are integral parts of the large complex of the 

2A partial abstract of this report was previously published (5). Certain corrections 
and additions have been incorporated in the present paper. 





TABLE 1. 
ties of eastern North America 


A. Diploid species (2n = 24) 


VY. angustifolium Aitona 


do 
VY’. atrococcum (Gray) Heller> 
do 


do 


do 


(11 plants) | 


do 
do 

V. caesariense Mackenzie* 
do 

V.myrtilloides Michx.> 


do 


V. darrowi Camp# 
V. elliottii Chapman« 
do 
do 
V. margarettae Ashea 
V. pallidum Aitone 


do 
V. tenellum Aiton 
V. vacillanse (2 plants) 


V. vacillans x atrococcuma 


V’. vacillans « caesariensea 


V. elliottii x tenellum (=V. 
cuthbertii (Small) Uphof)+ | 

V’. caesariense x darrowia 

B. Tetraploid species (2n — 48) 


V. lamarckii Camp4 


V. australe Smalle 


do 


do 
do 


do 

do 

do 
V. (near australe) 
V. brittonii Portera 


V. corymbosum L..t 
do 
do 
do 
V. hirsutum Buckley® 
V. myrsinites Lam.» 


do 
V. simulatum Smalla 


do 
V. tallapusae (Cov.) Uphofa 


Variety or description 
Lowbush, glabrous, blue fruit 
do 


pubescent, black fruit 
do 


Highbush, 


do 

do 

do 

do 

glabrous, blue fruit 
do 

pubescent, frosty blue 


Highbush, 


Lowbush, 
fruit 
do 


Lowbush, evergreen 
Highbush, cassena-leaved 
do 
Red flowered, tall 
Lowbush, pubescent, dark fruit 
Lowbush, glabrous, blue fruit, 
dryland type 
do 
Lowbush, glandular, black fruit 
Lowbush, glabrous & puberulent, 
blue fruit 
Halfhigh, very pubescent, dark 


fruit (from wild) 

Halfhigh, glabrous, blue fruit 
(from wild) 

Highbush, subglandular (from 
wild) 

1-2 m., evergreen (from wild) 


Lowbush, glabrous, blue fruit 


Highbush, glabrous, blue fruit 


| «* Hildebrand’? 


‘Lanier’’ 
** Pioneer’’ 


‘“G. Baker #4’’ 

‘*DN-76’’ (a Coville selection) 

se I i x + 99 

On upland 

Lowbush, glaucous leaves, black 
fruit 

Highbush, pubescent, blue fruit 


do 


** Kahler’’ 
‘*Orvis Williams’ ’s 


Lowbush, leaves & fruit pubes 
eent 
Lowbush, glandular, evergreen 


do 
Highbush, nonsuckering 


‘*N. C. selection’’ 


| ** Hilleulture selection #1401”’ 


| 
t 
| 


| 


Summary of known chromasome numbers in blueberry species and varie 


Source of material 


Arnold Arboretum, 
Jamaica Plain, 
Mass. 

Juddtown, N. J. 

Orono, Maine 

Arnold Arboretum, 
Mass. 

Beltsville, Md. 

Cedartown, Ga. 

Brunswick, Ga. 


| Jackson, Tenn. 





Beltsville, Md. 
Brunswick, Ga. 
Adirondack Moun 

tains, N. Y. 
Arnold Arboretum, 

Mass. 
Crestview, Fla. 
Ivanhoe, N. C. 
Munson, Fla. 

do 

Edwardsville, Ala. 
Beltsville, Md. 


Pickens, 8. C. 
Ivanhoe, N. C. 


New York Botanical 
Garden, N. Y. 
do 
do 


Brunswick, Ga. 


Northern Florida 


Arnold Arboretum, 
Jamaica Plain, 


Mass. 
Plant Industry Sta., 
seltsville, Md. 
J. T. Bush, Tooms 
boro, Ga. 
do 


Plant Industry 
Beltsville, Md. 
do 
do 
do 
Petersburg, Va. 
Spruce Knob, W. Va. 


Sta., 


Plant Industry Sta., 
Beltsville, Md. 

Anold Arboretum, 
Mass. 


| South Haven, Mich. 


do 

Great Smoky 

tains, Tenn. 
Brunswick, Ga. 
Tifton, Ga. 
Mountains, western 

N. C. 
Newlands, N. 
Edwardsville, 


Moun 


C. 
Ala. 


rte 


‘ial 


nical 


m, 
lich. 


foun 


ern 


TABLE 1—(Continued) 


Variety or description 


Source of material 


V. (near tallapusae) 3 feet high Sugar Valley, Ga. 
V. (related to tallapusae) Coarse plant Garfield, Ark. 
V. virgatum Aiton Halfhigh (3’), glandular, black | Summerton, 8. C, 


fruit 


V. lamarckii x hirsutum Lowbush, pubescent 


Plant Industry Sta., 
Beltsville, Md 
Lowbush, evergreen do 


Halfhigh, leaves subpersistent do 


V. lamarckii x myrsinitesh 

V. lamarckii x myrsinites) x 
‘corymbosum’’h 

V. ——----— 9) 





Arnold Arboretum, 
Mass. 


Halfhigh, glabrous, blue fruit 





C. Pentaploid plants (2n = 60) 


Vv. (ef. virgatum (4x) x amoe- | Highbush, suckering 
num (6x))a@ i 

V. (ef. simulatum (4x) x con- do 
stablaei (6x) )@ 

V. australe (4x) x ashei (6x)* | Garden hybrid 


Louisville, Ga. 

Grandfather Moun 
tain, N. C. 

Whitesbog, N. J. 


D. Hexaploid species (2n = 72) 


V. constablaei Gray! (6 plants) | Highbush, suckering, leaves va- | Grandfather Moun- 


riable tain, N.C. 
V.amoenum Aitona Highbush, suckering freely on | Ogechee River Val 
dry land | ley, Ga. 
do do Brunswick, Ga. 
V. ashei Reade™ | ‘* Anne’? | Crestview, Fla. 
do ** Baker’ | Baker, Fla. 


do | ‘Blue Boy’’ Crestview, Fla. 

do | **Loeke’’ do 

do | §*Long’’ do 

do | **Ruby’’ do 

do | ‘* Suwanee’ Plant Industry Sta., 
Beltsville, Md. 

do | ‘*Pink bud #1’ Munson, Fla. 
' 





4 Reported here for the first time. 

» Confirms a previous report by Longley (11). 

¢It is not known whether the V. vacillans of the Longley (11) report is to be re- 
ferred to V. pallidum or V.. vacillans of this paper, but probably the latter. 

4 The ‘‘V. angustifolium’’ of the Longley (11) report; the nomenclatural type of 
V. angustifolium appear to belong to that population known to be diploid. V. pennsyl- 
ranicum Mill. is an invalid name, having be n applied to » non-vaeeiniaceons ple t, 

e Although reported here for the first time, part of this material was included in V. 
corymbosum in the Longley (11) report. 

‘ Confirms the Longley (11) report, but excludes the material of V. australe. 

s Confirms a previous count of this same clone, reported by Newcomer (12) as VF. 
atrococeum. Although here placed in V. corymbosum (on the basis of its presence in an 
interbreeding tetraploid community), its morphological affinities are with the Mississippi 
Valley V. arkansanum, one of the ancestors of the V. corymbosum hybrid complex. For 
details of this complex, see Camp and Gilly (3), under the discussion of the miotonic 
species, pp. 347-348. 

h Data taken from the Longley (11) report; for the three tetraploid hybrids here 
listed, see also footnote g. 

i Reported here for the first time; this should not be confused with the ‘‘V. vir- 
gatum’’ of the Longley and Coville reports (4, 11), for which see footnote 1. 

i Original plant labeled V. dobbini Burnham, but does not exactly match the type 
collection. We suspect that this is a segregate of a hybrid between a glabrous phase of 
V. corymbosum and V. lamarckii. 

k Confirms the Longley (11) report based on the same individuals, but instead of 
being V. virgatum x V. corymbosum, the two parents (‘‘rabbiteye’’ x ‘‘ Katherine’’) are 
here interpreted to be V. ashei x V. australe. 

1 Confirms the report by Longley (11) on similar material, here considered to be 
Y. constablaei instead of the V. pallidum of that report. 

m Confirms the report of Longley (11) on then unnamed horticultural varieties be 
longing to this species, here considered to be ineluded in V’. ashei instead of V. virgatuwm 
of that report. 
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Vaccinieae and, even today, are included in Vaccinium by many authors. On 
the other hand, the group of species with which we have been most concerned 

the blueberries—has been treated by several authors as a separate genus 
Cyanococcus. A discussion of the problems of generic delimitation is outside 
the scope of the present report. 

Where possible, we have re-examined the same plants upon which the 
Coville and Longley (4, 11) reports were based. Much of the material has 
been collected by ourselves in the course of our field investigations; and 
some of it has been contributed by others.* 


TABLE 2. Other species of Vaccinium in North America 


Diploid species (2n = 24) Variety or description Source of material 
V. crassifolium Andr.« Creeping evergreen Atkinson, N. C. 
V. ovatum Pursh> Highbush, evergreen Oregon Coast 
V. parvifolium Sm.c Highbush, red fruit Northwest Coast 


* Reported here for the first time. In 1933 Small erected the genus Herpothamnus for 
this species; its affinities seem to be with other members of Vaccinum (sensu lat.) rather 
than with the blueberries. 


b> Reported here for the first time. Its affinities seem to be with certain Mexican, 
South American, and African species. 

¢ Reported here for the first time on the basis of unpublished work by A. E. Longley. 
From its reactions with other members of the subgenus Euvaccinium, it was previously 
proposed that this species would prove to be diploid (2). 


DISCUSSION 


From the foregoing lists, it may be noted that the findings of Longley 
(11) have been amply confirmed, and that Vaccinium and its relatives have 
a series of diploids, tetraploids, and hexaploids. While these reports are as 
yet confined to only a portion of the species of North America, Europe, and 
Asia Minor, a consideration of the morphological patterns of the several hun- 
dred species known to be in Vaccinium (sensu lat.) would lead to the con- 
clusion that this is the general situation within this widely dispersed group. 
Our studies of the North American material in conjunction with the infor- 
mation presented here—together with intensive field investigations in erit- 
ical areas—lead to the conclusion that both autopolyploidy and alloploidy 
have been responsible for the production of these polyploid populations. This 
has resulted in a complex phyletic pattern in the genus and has been the 
source of much of the present nomenclatural confusion. 


3 The following kindly furnished material, from the places indicated, for cytological 
studies: Karl Sax, from the Arnold Arboretum; J. M. Batchelor, from Florida and Ala- 
bama; F. L. O’Rourke, from near Glenn Dale, Md.; J. L. Murray, from Garfield, Ark. ; 
Stanley Johnston, from Michigan; Sam Fredson, from Georgia; E. B. Morrow, from 
North Carolina; George Waldo, from Oregon; L. A. Fister, from Jackson, Tenn.; D. J. 


Crowley, from Long Beach, Wash.; F. B. Chandler, from Orono, Me.; Wm. H. Sawyer, 
from Lewiston, Me. 
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Although pentaploid plants are known, no triploids have yet been found. 
The pentaploids are known from the wild and also have been produced freely 
by controlled crossings between tetraploids and hexaploids. That this is also 
the method of origin of the wild pentaploids seems likely for, in each in- 


TABLE 3. Additional Vaccinieae of North America, Europe, and Asia Minor 





: | 
ea fs Chromo- | Source of data or 
Species or variety some material 
number | 
Oxycoccus :4 
O. macrocarpus (Ait.) Pers.» 2n=24 | Eastern North America 
O. microcarpus Turez. 2n=24 | Europe (9) 
O. ovalifolius (Michx.) A, E, Porsilde 2n=48 | Pacifie Coast of North 
| America 
O. quadripetalus Gilib. ‘‘typical’’ material 2n=48 Europe (9); Mained 
var. microphyllus (Lange) M. P. Porsild 2n=48 | do 
O. ** gigas’’e 2n = 72 do 
Polycodium stamineum (L.) Greenef 2n=24 | Eastern North America 
Vaccinium :% 
V. vitis-idaea L.b 2n=24 | Europe (7) 
V.uliginosum L.i forma microphyllum Lange 2n = 24 Europe (8) 
forma genuinum Herder 2n=48 | do 
V.arctostaphylos Li 2n=48 | Native of Caucasus 
| Mountains 


«Considered by various authors to be a sectian or subgenus of Vaccinum; as Oxy- 
coccus, it has received recent systematic attention by Porsild (13). A further study of 
this group, now in progress, will be published as part of this series of papers. 

> Periclinal and total polyploidy (4x=48) has been experimentally induced in this 
species by the use of colchicine (6). 

¢ Reported here for the first time. The binomial based on Vaccinwm oxycoccus var. 
ovalifolium Michx. The 3 collections studied here came from the Cascade Mountains, 
Grays Harbor County, and Long Beach, Wash. 

4 Material collected near Lewiston, Maine. 

e As proposed by Hagerup, the binomial is invalid under the present Rules of Botan- 
ical Nomenclature. The material flowers freely, but does not set seed because of disturb- 
ances during meiosis resulting in abortive pollen. 

f Reported by Longley (11). Although the ‘‘deerberries’’ are a distinct group, the 
species of Polycodium are ineluded in Vaccinium by many authors. 

® The species listed here under Vaccinium have been (or are) considered as belong- 
ing to segregate genera by various authors. 

h An essentially cireum-boreal species consisting of 2 fairly distinet forms, one pro- 
cumbent and small-leaved, the other coarser and more erect. This may be a case of homo- 
ploid divergence, or the coarser form may yet prove to be polyploid. 

i On the basis of preliminary herbarium studies, both f. microphyllum and f. genuinum 
appear to be also present in North America. A closely related species, V. occidentale Gray, 
is found in the mountains of western North America. Of further interest is the fact that 
large clones are known from the V. uliginosum population on Mt. Marey, Adirondack 
Mountains, N. Y., which bear considerable resemblance to the western V. occidentale. 

i Reported here for the first time. The ehromosome counts were made from plants 
raised trom seed grown in the experimental greenhouses at the Plant Industry Station, 
Beltsville, Maryland. 


stance, they have been found growing where both tetraploid and hexaploid 
plants were present. These pentaploids vary considerably in fruitfulness; 


some have almost no fruit; others have small crops of fruit which contain 
but few seed ; and at least one clone has been found which fruits heavily but 









504 BULLETIN OF THE TORREY CLUB [Vou. 71 


is essentially seedless. In this instance the fruit is of rather large size, 
although lacking in flavor. 

One plant which flowered freely in the test plots and bears fruit, was 
found to have a somatic set of 50 chromosomes (4x +2). This is the first 
report of aneuploidy in the genus. Neither aneuploids nor pentaploids are 
likely to give rise to populations worthy of specific recognition, although 
there is a strong possibility that they may vet have considerable horticul- 
tural value. 

So far, we have been unable to pay more than passing attention to meiotic 
phenomena and the physical aspect of individual chromosomes. The work 
of Hagerup (7, 8,9) on a hexaploid form of Oxrycoccus (= Vaccinium) can- 
not be taken as an indication of the usual condition of hexaploids in 
Vaccinium. There is little question that the sterility of some few hexaploids 
known to us may be of the same type, and results from improper cleavage 
and ultimate break-down (abortion) of the microspores; certainly this is 
true in various pentaploids. But the high degree of fertility, together with 
the production of hybrid combinations and expected segregate forms, is suffi- 
cient proof that normal meiotic processes are involved in the vast majority 
of the hexaploids with which we have worked. Our investigations indicate 
that there is relatively no more abortive sterility among hexaploids than is 
to be found in tetraploids or diploids. 

In the early vears of the blueberry breeding work all material brought 
into the experimental plots from the wild was highly selected, particular 
attention being paid to its fruitfulness, or to some unusual character. Re- 
cently, it was suspected that, by selecting in this manner, individuals have 
been studied which, cytologically, were not representative of the natural 
populations. This has since proved to be the case in several instances and 
explains certain of the errors in earlier nomenclatural interpretations based 
on this material. Since 1938, more and more attention has been paid to the 
aspect of natural populations. In fact, many of the plants used in the present 
report have been random selections, care being taken only that they did not 
deviate from the norm of their particular group. Others have been chosen 
because they presented particular problems of interpretation. Briefly, then, 
attention to these items has permitted us to attack the various problems from 
a broader viewpoint and has given us greater confidence in our general 
conclusions. 

By the very nature of the genus, a knowledge of the chromosome number 
of individual plants is a necessity in the horticultural development of the 
group. Our present care to see that many of the plants studied are also 
representative of natural populations is of considerable importance in the 
taxonomic interpretations of its species. And while we certainly do not hold 
that chromosome numbers ultimately determine the nomenclatural dispo- 
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sition of a set of plants, we do feel that such information is necessary for 
their correct placement in the phyletic scheme of a genus. This paper, then, 
is merely a presentation of one set of basic facts concerning individuals, 
more-or-less characteristic of certain wild populations of Vaccinium and its 
relatives. Additional facts are necessary for the delimitation of species and 
the application of a functional nomenclaturé. A discussion of these facts 
and the relations and phyletic development of the species will be taken up 
in later papers, as well as a summary of the factors to be considered in the 
development of new horticultural material. 


SUMMARY 


An annotated list of the various species of Vaccinium whose chromosome 
numbers are known is presented. Among these the following are listed here 
for the first time. 

American species: The diploids (2n = 24) are: V. angustifolium, caesari- 
ense, crassifolium, elliottii, darrowi, margarettae, ovatum, pallidum, parvi- 
folium, tenellum, vacillans, and a complex of hybrid origin and recognized 
in previous literature as V. cuthbertii. The tetraploids (2n = 48) are: V. 
australe, brittonii, lamarckii, simulatum, tallapusae, and virgatum. The 
hexaploids (2n = 72) are: V. constablaei, amoenum, and ashei. Pentaploid 
individuals (2n = 60) and a single aneuploid (2n = 50) (=4x+2) are also 
reported. Nomenclatural adjustments have been made in previous reports. 

Asia Minor species: A single species from the Caucasus Mountains is 
reported here for the first time: V. arctostaphylos L., a tetraploid (2n = 48). 

A list is also presented of all species of eranberry (Oxycoccus) recog- 
nized in a recently published study of the group. Recorded here for the first 
time are the chromosome numbers of two American species: O. marcrocarpus 
(Ait.) Pers., a diploid (2n = 24). O. ovalifolius (Michx.) A. E. Porsild, a 
tetraploid (2n = 48). The ‘‘typical’’ material of O. quadripetalus Gilib. from 
Maine was found to be the same as that reported from European plants 
(2n= 48). 

Several essentially cireum-boreal species of Vaccinium whose chromo- 
some complements are known only from the European material are listed, 
together with notes on possible correlations with the North American repre- 


sentatives of these same species. 


BurEAU OF PLANT [NpustRY, UNrTep STATES DEPARTMENT OF 
AGRICULTURE 
BELTSVILLE, MARYLAND 
AND 
THe New York BoranicaL GARDEN 
New YorK 
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LEPTOSIRA MEDICIANA BORZI 
W. N. Stem 


INTRODUCTION 





Leptosira Mediciana was first found and described by Borzi (1883), who 
observed all of the stages in the life cycle except the germination of the 
zygote. Collins (1912) collected the alga in Massachusetts. It has not been 
found at any other time in this country. 

Vischer (1933), fifty years after the discovery of Leptosira Mediciana 
by Borzi, found and described Leptosira obovata. In this species, he observed 
that the zoospores germinate directly. 

The genus Leptosira belongs to the Trentopohliaceae, a family of the 
Chaetophorales, a comparatively large group of branched green algae the 
cells of which are uninucleated and possess single parietal chloroplasts. 

In the latter part of February, 1937, the rare epiphytic alga, Leptosira 
Mediciana, was found growing on Coleochaete scutata Breb. This alga 
appeared in an aquarium into which, about three months earlier, there had 
been planted a small amount of Nitella collected in the vicinity of Mil- 
waukee. There can be little doubt that the Coleochaete and the Leptosira 
were introduced into the aquarium with the Nitella. 

About 80 per cent of the Coleochaete plants, which were not produced 
in large numbers, bore one or more Leptosira colonies. Since they were found 
only on the Coleochaete colonies and never on the sides of the aquarium, 
the alga, as has heretofore been reported, is undoubtedly epiphytic. 


METHODS AND MATERIALS 














By means of a hand lens, and sometimes with the naked eye, it was pos- 
sible to observe the Leptosira on the Coleochaete colonies attached to the 
sides of the aquarium. The Coleochaete colony with the Leptosira was care- 
fully removed and fixed for about twenty-four hours in a 25 per cent chrom- 
acetic solution, washed and dehydrated to 70 per cent alcohol. The plants 
were then stained in a modified Harris’ haematoxylin solution for about 
two hours, washed with water, and gradually dehydrated to absolute ethyl 
alcohol. Some of the colonies were counterstained with a weak solution of 
fast green in absolute aleohol. After clearing with xylol, the colonies were 
run up to mounting balsam, by passing them through various grades of 
absolute xylol and balsam. 


5OT 


Fig. 1. A photomicrograph of the epiphytic Leptosira Mediciana Borzi colony borne 


by Coleochaete scutata Breb. x 60 approx. Fie. 2. A photomicrograph of several colonies 


of L. Mediciana Borzi borne by C. scutata Breb. x 50 approx. 
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Fic. 3. A zoospore of Leptosira Mediciana. The flagella are not shown. x 1360 approx. 
Fig. 4. A young filament produced by a germinating zoospore. x 1360 approx. Fig. 5, A 
young branching colony. x 2800 approx. Fie. 6. A two-celled stage of a zoosporangium. 
< 2800 approx. Fie. 7. A four-celled stage of a zoosporangium, x 2800 approx. Fi. 8. 
A zoosporangium showir y some of the numerous zoospores. x 2800 approx. 
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OBSERVATIONS AND DISCUSSION 


Leptosira Mediciana, as has been described by Borzi, consists of radiating 
branched torulose filaments which taper gradually from base to apex. The 
larger and older cells of the colony are at its center (figs. 1, 2). 

The cell of Leptosira is uninucleated and contains a single peripheral 
chloroplast of a yellow-green color. The plastid is without a pyrenoid. The 
cytoplasm is highly vacuolate (figs. 3, 4). 

Most of the divisions of the cells of the colony are at right angles to the 
length of the filaments, although occasionally oblique divisions occur. Infre- 
quently, the divisions are lengthwise in the cells. 

There is a marked thickening of the walls of the Leptosira cells, begin- 
ning at the base of the filaments, or at the center of the colony (figs. 1, 2). 
As the thickening of the wall increases, the cells at the center of the colony 
form a mat or an incrustation. 

The cells of which the walls become thickened function as zoosporangia. 
In the formation of the zoospores, the cell destined to function as a sporan- 
vium undergoes a division into two cells of approximately equal size (fig. 6). 
The next division results in four cells of nearly equal size (fig. 7). Many 
divisions of these cells then occur and numerous polygonal cells are formed, 
which round up and become zoospores which escape through a large pore 
in the wall of the sporangium (fig. 8). 


No direct observations could be made on the germination of the zoospores 


since they were not produced in abundance. Whether they germinate di- 
rectly or whether they form first Characium-like filaments, which produce 
four zoospores, as stated by Borzi (1883), could not be determined. However, 
some of the prepared slides showed such filaments which invariably con- 
tained four spores, each of which closely resembled in structure the 
Leptosira cell. That the zoospores may germinate directly, as has been de- 
scribed by Vischer in L. obovata is suggested by the numerous young colo- 
nies found occasionally in a nearly circular zone on the Coleochaete colony. 
One of these, an unbranched filament, is shown in figure 4. Another one of 
these, shown in figure 5 is a young branching colony. Earlier and later stages 
were readily found. Zoospores, one of which is shown in figure 3, were some- 
times observed in the prepared slides to be abundant near empty -zoospo- 
rangia from which they had undoubtedly escaped. Since no motile zoospores 
could be obtained, no attempts were made to stain the flagella of the 
zoospores. 

Neither zoogametes, nor zygotes were at any time observed during the 
course of the investigation extending over a period of about six months. 


SUMMARY 


1. Leptosira Mediciana Borzi was found as an epiphyte on Coleochaet« 
scutata Breb. 
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2. The radiating torulose filaments of the colony form a dense matted 
basal portion. 

3. The cells of the colony divide most frequently at right angles to their 
length. 

4. Any cell may function as a zoosporangium. 

5. In the formation of zoospores, numerous successive divisions occur 
in the mother cell of the sporangium. 


». The zoospores, it is suggested, germinate directly. 


Single celled Characium-like filaments are formed which produce four 
cells, probably spores. 
8. Motile zoospores and zygotes were not observed in Leptosira Mediciana 
Borzi. 
MARQUETTE UNIVERSITY 
MILWAUKEE, WISCONSIN 
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COMPARATIVE STRUCTURE OF GREEN LEAVES OF 
ORIENTAL TOBACCO AT DIFFERENT LEVELS 
ON THE STALK IN RELATION TO THEIR 
QUALITY UPON CURING’ 


FrepDERICK A. WoLF AND E. FELTON JONES 


The commercial tobaccos produced in different regions of the world 
differ greatly in quality.? These differences are commonly attributed to 
responses induced by differences in soils, climates, and cultural practices 
employed. The proximate causes of these variations in quality, however, are 
multiple and complex, and remain far from being completely understood. 
Even though this is the situation the quality of the final product in each 
region has become stabilized to a high degree in consequence of standardi- 
zation of empirical practices involving cultivation, fertilization, harvesting, 
curing, storage during aging and fermentation, and other manipulative 
procedures. 

In the case of flue-cured tobaccos, our previous studies (Darkis ef al. 
1936, Wolf and Gross 1937) have shown that quality is closely correlated 
with the level at which the leaf is borne on the stalk. Stalk position is in turn 
correlated with the chemical composition of the leaf, both as regards mineral 
and organic components. Furthermore, both chemical composition and leaf 
structure may be modified and hence may be controlled to an important 
degree by the cultural practices of topping (removal of the inflorescence) 
and suckering (removal of axillary buds that develop after decapitation). 
A body of additional unpublished data from our studies gives further sup- 
port to these conclusions. Numerous studies involving causes of differences 
in quality of types of tobacco other than the flue-cured varieties, grown in 
this country or in other areas, are neither so extensive nor intensive, and 
the results are consequently less precise (Nelson 1928, Berthold 1929a, 
1929b, Smirnov 1933, Avery 1934, de Montero 1938). 

During the past four seasons oriental or Turkish types of tobacco have 
been grown at the Tobacco Experiment Stations at Chatham, Va., and 


1 Studies conducted in cooperation with the Department of Chemistry, Duke Univer 
sity. Acknowledgment is made of aid given by Drs. F. R. Darkis and P. M. Gross of that 
Department. The help of Miss Naney Bentley and Miss Christina Changaris is also acknowl 
edged with gratitude. 

2 The meaning of the term ‘‘ quality,’’ as applied to oriental tobaccos, cannot be de 
fined adequately. It includes many features whose appraisal by tobacconists has been 
gained largely from experience. Judgment of quality has been perfected by them to the 
extent that it may be regarded as an art. Tobacconists, to judge quality, employ the senses 
of touch, sight, and smell, arranged in order of importance. 
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Oxford, N. C. In connection with this work it appeared advisable to give 
consideration to the problem of quality of the product by utilizing methods 
of study patterned after those that had been employed previously in studies 
of quality among flue-cured varieties of tobacco. The present report is 
concerned with the results obtained from such studies. 
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1. Order of removal of leaves in harvesting Turkish tobacco, relation of stalk 
position to quality and to usage by the American tobacco industry, and probable grades as 
customarily employed in the Near East. Gradation on the basis of stalk position may not 
be adhered to strictly in actual practice, but nevertheless serves as a general guide. 


There are numerous kinds of oriental tobacco, each characteristic of the 
region or district in which it is grown and marketed. Each differs from the 
others in quality, some to a very marked degree, as indicated by differences 
in shape, color, and texture of the leaf, and by differences in combustibility, 
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aroma, flavor, etc. These tobaccos have been grouped, however, into a small 
number of types, the most important of which are designated as Samsoun, 
Smyrna, Cavalla, and Xanthi. 

In the cultivation of Turkish tobacco, from 50,000 to 70,000 plants per 
acre are grown, approximately ten times the number employed with flue- 
cured varieties. As a consequence of such close planting, the individual 
plants have slender stems, their leaves are small, and many varieties attain 
a stature of only about a meter. Leaves are harvested as they mature, begin- 
ning with the lowermost and progressing toward the top of the stalk, a proc- 
ess called ‘‘ priming.’’ Experience alone is the basis for judging when leaves 
are in prime condition. The quality of cured leaves may be sharply lowered 
if leaves are primed when they are either premature or over-ripe. Usually 
the removal of from 6 to 9 gatherings, called ‘‘hands,’’ is required to com- 
plete the harvesting. The leaves are cured by air-drying. It is well known 
that stalk position is of primary importance in determining quality of the 
cured leaves; leaves of poorest quality are obtained from the first hand, and 
quality improves with each successive gathering thereafter (fig. 1). 


MATERIALS AND METHODS 


Five varieties of oriental tobacco, representing four important types, 
were used in the present studies: (1) Broussa of the Samsoun type from 
northern Turkey; (2) Ayassolouk, typical of Smyrna tobacco grown in 
western Turkey; (3) Stanimaka, representing the Cavalla type, from Bul- 
garia; and (4) Yenige and Djebel, of the Xanthi type, from northern Greece 
and Bulgaria. Cultivation of the latter kind is restricted to mountainous 


regions. 

























Seedlings were transplanted into the field during early May, and were 
spaced approximately 5 inches apart in rows which were 20 inches apart. 
Details regarding the soil, preparation of the field for planting, fertilization, 
cultivation, and rainfall—all important factors in the growth of oriental 
tobacco—are omitted for the reason that they are not regarded as pertinent 
to this report. 

Three typieal plants of each variety were selected for detailed analysis. 
As the leaves of these selected plants matured they were primed, and deter- 
minations were made of weight, area, thickness, and shape. 

Leaf area, of both green and cured leaves, was determined by tracing 
the leaf upon a paper pattern which was weighed and compared with the 
weight-of a paper standard of known area. Leaf thickness was measured 
by means of a Randall and Stickney gauge caliper provided with an 8 oz. 
weight and calibrated in units of 0.001 em. Since a tobacco leaf is variable 
in thickness an average figure was obtained from a series of 6—10 measure- 
ments of each lamina (12-20 per leaf). These measurements were made 
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along a line extending from the leaf base to the tip, midway between the 
midrib and the margin. Leaf thickness was also determined by measurement 
of sections of leaf tissue prepared as follows: Samples of laminar tissue 
from leaves borne at a corresponding level on near-by plants were preserved 
in a formalin—acetic-acid—aleohol solution. These samples were dehy- 
drated, embedded in paraffin, sectioned at a thickness of 25 and stained 
with fast green. Crystals of the type known as druses are very abundant 
in leaves of oriental tobacco. These crystals, instead of being composed of 
calcium oxalate, as is commonly the case in seed plants, may be presumed, 


Fic. 2. Some types of trichomes from Turkish tobacco, Their length may exceed from 
two to three times the thickness of the interveinal parts of the leaf. A, hair with unicellular 
gland at tip; B, with multicellular gland; C, short-stalked hair with multicellular gland ; 


D, non-glandular hair. 


from the work of Ridgway (1916), to be composed chiefly of calcium, 
potassium, and magnesium salts of citric and malic acids. The presence of 
these crystals interfered with the preparation of satisfactory sections. The 
difficulty of cutting suitable sections was in large measure obviated, however, 
by storing leaves in a moist chamber for 48 to 72 hours prior to fixation. 
Under these conditions the crystalline deposits largely disappear and make 
it easy to section embedded leaves. 
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The length and width of each leaf were determined from measurements 
of the paper patterns. Leaf length was regarded as the distance from leaf 
base to leaf tip, and leaf width as the distance across the broadest portion. 
In the figures as given for the length-width ratio, the width is considered 
as 1.00. 

Hairs (trichomes; fig. 2) and stomata are present on both surfaces of 
tobacco leaves but whether each structure is equally as numerous on each 
surface remains unknown. Consideration was given in the present study 
to the number of hairs and stomata per unit area on the lower leaf surface. 
The materials examined consisted of portions of the lower epidermis stripped 
from the median region, using four leaves from each sampling. Examinations 
of epidermal strippings and counts for hairs were made with the low-power 
magnification of a microscope (100). The figure presented for each de- 
termination is an average of four counts from each of the four leaves 
examined. An average measurement of maximum length and width of 16 
stomata, as seen by high-power magnification (350), was used in com- 
puting the volume of the stomatal apparatus. To calculate the volume of 


the stomatal apparatus, i.e., the pair of guard cells, it was regarded as an 


ee : : mDd? . ; 
ellipsoid, and the formula: Volume 3 m which D-=length and 


d = diameter, was applied. 
RESULTS 


Since each Turkish tobacco plant produces from 25 to 40 leaves the data 
are too voluminous to be presented in their entirety. For this reason tabu- 
lations of averages have been assembled. In table 1, which relates to the 
dimensions, area, and weight of the leaves produced, and of their changes 
in size during curing, each figure represents an average of 75-120 measure- 
ments; and figures dealing with ratio of leaf length to leaf width, width 


being regarded as unity, represent twice as many measurements. 


Each figure in table 2 represents 20-100 measurements, whereas each 
of those in table 3 represents approximately six times as many, and each 
figure in table 4 is derived from a minimum of 16 determinations. 

As regards height of plants and size of leaves, the plants used in these 
studies compare favorably with the same varieties when grown in the Near 
East, as confirmed by observers familiar with oriental tobacco who have 
seen our plantings. Differences between varieties are apparent in table 1. 
Djebel, an early-flowering variety, has the smallest plants and its yield is 
lowest. Broussa, Ayassolouk and Stanimaka, late-flowering varieties, yield 
most, and Yenige, which is intermediate in date of flowering, is also inter- 
mediate in yield. 

That a definite leaf shape is characteristic of each variety is suggested 
by the length-width ratios. The leaves of Broussa are petiolate and lack 
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auricles, or at most have narrow ribbon-like auricles. Leaves of this type 
are termed ‘‘koulaksis’’ (earless). The leaves of Djebel, Ayassolouk, and 
Stanimaka are sessile, having broad auricles, and are of the type called 
‘‘kabakoulak’’ (broad-eared); those of Yenige, also sessile, are narrow 
and lancet-shaped, a type called ‘‘sirdilli’’ (ox-tongue-like). 

During curing of the leaves shrinkage in length is proportionately less 
than shrinkage in width. This condition may be presumed to arise in con- 
sequence of the position of the ‘‘skeletal’’ tissues, i.e., the midrib and larger 


TABLE 1. Gross features of the leaves of five varieties of oriental tobacco. 


Variety 


Ayassolouk 


Djebel 
(Xanthi) 
| (Smyrna) 


(Samsoun ) 
(Xanthi) 


Yenige 


Stanimaka 
(Cavalla ) 


Broussa 


2592 


Total. leaf area per Green 
1726 


plant, em.* | Cured 


w bo 


bo 
~~ > 


a & 
= 


Green 21.2 15.9 
x 10.0 
13.6 
7.8 


_ 
— 


Average leaf dimen- 
sions, em. Cured 


‘ 
‘ 


15.3 


Average length-width | Green 59 


ratio of leaves Cured 7 3.i 74 


Total leaf weight per | Green 
plant, gm. Cured 


Reduction of leaf 
area during curing Average 
to per cent of green % 
leaf area 





Number of leaves 
required for pound Average | 
of cured tobaeco 











secondary veins. The loss in leaf area during curing ranges between 30 and 
40 per cent, and there is no reason for believing that amount of reduction 
in size is characteristic of a given variety. This opinion is supported in part 
by other data assembled in tables 2 and 3. 

Appreciation can be gained from data in table 2 of differences among 
oriental varieties in leaf size and shape at the different stalk positions, and 
of the changes in length-width ratios which occur during curing. 

It is apparent from table 2 that the largest leaves occur near the base 
of the stalk and are those usually removed at the second or third priming. 
Proportion of leaf length to width varies with primings in some varieties 
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but does not do so in others. In the cases of Broussa and Yenige, except for 
the last priming, the leaves become proportionately longer in relation to 
their width as one progresses from the bottom toward the top of the stalk. 
Premature harvesting of the uppermost leaves occasioned by extremely dry 
weather may account for this exception. The leaves of Ayassolouk, on the 
other hand, tend to become wider in proportion to their length as the tip 


TABLE 2. Size and shape of oriental tobacco leaves of several varieties in relation 
to level on the stalk. 


Priming 
3rd 4th 


Broussa Green “a 254.6 187.5 
(Samsoun ) Cured | of 168.7 121.4 


Yenige Green 7 188. 141. 
(Xanthi) Cured . 122. 88. 


Stanimaka Green ; . 266. 186. 
(Cavalla) Cured 8 ud 165.6 112.3 


Djebel Green | a 53. 90. 
(Xanthi Cured | ms 95.$ 62. 


Ayassolouk | Green | ‘ 277. 234.§ 129.8 
(Smyrna) | Cured | 7 6 f 79. 


Broussa Green 
(Samsoun ) Cured 


Yenige Green 
(Xanthi Cured 





Stanimaka | Green | 79 | 80 | 8: 88 | 
(Cavalla) Cured 98 | 1.98 § 2.15 








Djebel Green | , 51 os 
(Xanthi) | Cured | 80 | 84 | 7! 67 
Ayassolouk | Green 2.12 | 98 2.05 99 | 95 | .90 
(Smyrna) | Cured 2.33 | 2.22 2.21 2.16 | 95 | 1.93 





Length-width ratio of leaves 





of the stalk is approached. All the leaves of Stanimaka, however, tend 
be alike in length-width ratio, regardless of their stalk position. 
The data in table 3 deal with differences in leaf thickness, in per cent 


dry substance, and in shrinkage, during curing, of successive primings. 


In all varieties studied, the thickest leaves were in the first priming, and 
they progressively become thinner toward the top of the stalk. The figures 
representing thickness of sixth primings are in each case in error as shown 
by diagrammatic representations of cross sections of Broussa, Yenige, and 
Avassolouk leaves (figs. 3, 4, 5). The error in measurements with the caliper 
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arose because the diameter of the circular disk of the calipers which comes 
in contact with the leaf is approximately 6.0 mm., a distance exceeding that 
between the veins of small leaves. 


TABLE 3. Thickness of green leaves, 


several varieties of oriental tobacco. 


Average thickness of 
leaves, u 


Reduction of leaf area 
during curing to per 
cent of green leaf 
area 


Average dry weight of 
cured leaf as per cent 
of green leaf weight 


Broussa 
(Samsoun ) 


Yenige 
(Xanthi) 


Stanimaka 
(Cavalla ) 


Djebel 
(Xanthi) 


Ayassolouk 


(Smyrna ) 


Broussa 
(Samsoun ) 


Yenige 
(Xanthi) 


Stanimaka 
(Cavalla) 


Djebel 
(Xanthi) 


Ayassolouk 


(Smyrna) 


Broussa 
(Samsoun) 


Yenige 
(Xanthi) 


Stanimaka 
(Cavalla) 


Djebel 
(Xanthi) 


Ayassolouk 
(Smyrna ) 








water loss, and shrinkage during curing of 


Priming 


2nd 3rd | 4th 


290 

















12.9 12.9 13.7 


12.0 12.9 16.6 17.9 


| 
z 
“4 
| 


It is a common impression gained largely through the sense of touch that 
the upper leaves are thickest. This erroneous impression arises from (a) the 
large proportion of veins to interveinal tissue in small leaves, with conse- 





520 BULLETIN OF THE TORREY CLUB (Vow. 71 


quent greater rigidity; (b) the compactness of mesophyll cells, a feature 


that favors rigidity; (¢) the much denser population of hairs that offers 


greater resistance to compression; and (d) the somewhat thicker cuticle of 


Fic. 3 (upper row). Semi-diagrammatic sketches, drawn to the same seale, of cross 
sections of leaves of Broussa tobaeco, showing leaf thickness, constituent cell size, and 
arrangement of cells. A, from first priming; B, from third priming; C, from fifth priming; 
D, from seventh priming. The upper horizontally arranged cells are upper epidermis, the 
subjacent vertically arranged cells are palisade parenchyma, the loosely arranged, irregular 
cells beneath the palisade parenchyma are spongy parenchyma, and the lower, horizontally 
arranged cells are lower epidermis. The trichomes or hairs produced by both the upper and 
lower epidermis are not shown. F1G. 4 (middle row). Cross sections of leaves of Yenige 
tobacco, drawn to scale, representing semi-diagrammatically leaf thickness, cell size, and 
cell arrangement of leaves of different primings; A, from leaves of the first hand; B, from 
the third hand; C, from the fifth hand; and D, from the seventh hand. The median tissues 
are palisade parenchyma above, and spongy parenchyma below. Leaf hairs are not shown. 
Fic. 5 (lower row). Semi-diagrammatie representations, drawn to scale, of cross sections 
of Ayassolouk tobacco leaves. Relative leaf thickness and constituent cell size and cell 
arrangement from leaves of different primings are shown; A, taken from the first hand; 
B, from the third; C, from the fifth; and D, from the seventh. None of the trichomes is 
shown. 


the uppermost leaves. Dry weight increases with increased level of the leaf 
on the stalk, and is approximately 50 per cent greater in the uppermost 
leaves than in those of the first priming. 
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iture The data do not indicate significant differences in shrinkage of leaves at 
ffers different stalk positions. 
le of The population of glandular hairs and that of stomata per unit area of 
leaf, on the lower leaf surface, at four levels of insertion, are shown in 
table 4. 
It is apparent that there are many more glandular hairs per unit area 
of leaf on the smallest leaves than on the largest ones, the calculations indi- 
cating 2—5 times as many. Moreover there are 50-100 per cent more stomata 


TABLE 4. Comparison of varieties of oriental tobacco as to population of glandular 
hairs and stomata on the lower leaf surface. 


Number Approximate Number | Volume of 
of number of hairs of stomatal 
hairs per | per entire lower stomata | apparatus, 


em.? leaf surface per em.” p* 


Stalk region 


Lower 1577 263,832 22,209 
Broussa Lower median | 1106 289 61 1269 27,635 
(Samsoun) | Upper median 1738 325,541 | 1447 21,800 

Upper 357 . 1,034 1757 16,070 


Lower 877 21,113 29,289 

Yenige | Lower median | 729 138,510 1187 37,016 
(Xanthi) Upper median 1269 140,859 

5 


oa 26,416 
Upper 3661 151, "545 20,116 
| Lower 840 148,680 25,652 

Stanimaka | Lower median 641 144,856 { 28,021 
(Cavalla) Upper median | 1665 141,691 f 25,128 
Upper 2976 148,800 ‘ 17,899 





| Lower | 787 125,920 23,836 

Djebel | Lower median | 740 130,720 943 32,242 

cross (Xanthi) Upper median 1070 138,463 1546 38,314 
Upper 1533 141,012 1773 23,620 





, and 
ning ; 
S, the 
gular < “Ee ‘ : : 
ntally total area of each leaf from which the strippings were made was not mea- 
r and sured. Approximations of the number of hairs on the lower side of the 
enige 
, and : 4 ‘ , ar : > 
from of leaf sizes as represented in table 2. On this basis, interpretation of the eal- 
issues culated numbers of hairs per leaf would indicate, for a given variety, that 
hown. 


on unit areas of small leaves than on those of large ones. Unfortunately 


leaves for the four indicated regions were therefore calculated on the basis 


ee each leaf tends to have the same hair population. 

1 cell The average volume of the stomatal apparatus of large leaves is in turn 
and ; greater than that of small leaves. Presumably differences between leaves in 
os volume of stomatal apparatus are of the same magnitude as those of the 
other leaf cells and this factor is therefore correlated with leaf size. 

leaf 

esti INTERPRETATIVE DISCUSSION 


Upon attempting to elucidate the proximate causes of differences in 
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quality of Turkish tobaecos, the evidence indicates that these causes center 
around certain interrelated and mutually interdependent factors, as follows : 

(1) Leaf size is correlated with stalk position ; 

(2) Leaf size is correlated with cell size ; 

(3) Differences in quality are correlated with differences in metabolic 
activity of leaves borne at different stalk positions; 

4) Inerease in population density of glandular hairs and other trich- 
omes per unit area of lower leaf surface is correlated with increase in quality 
of tobacecos. 

Each of these factors, in turn, will be given separate consideration, 
although each one is intimately related to and has bearing on each of the 
others. For this reason it is essential that this entire discussion be considered 


as a unit so as to avoid isolating ideas from their context. 


1. Leaf Size and Stalk Position. As shown by data in table 2, the 
largest leaves produced in oriental tobaccos occur along the basal portion 
of the stalk. It is well known among tobacconists that quality of Turkish 
types is correlated with the level at which the leaves are borne on the stalks 
and that high quality is seldom if ever to be found in lowermost leaves but 
rather in the smallest uppermost ones. Furthermore, there are reasons for 
believing that no matter how small the lowermost leaves, they can never be 
made to possess high quality. Such leaves, regardless of care during curing, 
are not acceptable for export and have almost never been utilized by the 
American tobacco industry. 

The application of excessive amounts of fertilizer, or the wide spacing 
of plants may cause all the leaves of a plant to be larger than is normal 
for a given variety. As a consequence all leaves on such plants are lowered 
in quality. This conclusion is supported not only by results obtained in 
our own production of Turkish tobaccos but also by the experiences of many 
persons well informed on tobacco culture in the Near East. An understand- 
ing of the underlying causes of this decline in quality with increase in leaf 
size must take into account the fact that, in the Near East, tobacco has 
been cultivated for vears in soils of low natural fertility and in areas having 
protracted periods without appreciable rainfall. Under such influences the 
plants are dwarfed. Then, as an additive cause for dwarfing, account must 
be taken of the fact that competition for water, nutrients, and light has 
been intensified by the cultural practice of close-spacing in the field. Under 


these conditions it should be anticipated that the tobacco plants would be 


depauperate and would differ structurally and physiologically from plants 
grown under conditions which would permit vigorous development. 


2. Leaf Size and Cell Size. Avery (1933), studying the development 
of leaves of Havana, Cuban Shade, and Cash varieties of tobacco, found that 
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when the leaves attained approximately from one-sixth to one-fifth of their 
mature size their full complement of parenchyma cells had already been 
formed. Subsequent growth of leaves was due, therefore, not to the produc- 
tion of new cells but to enlargement of cells already formed. It may be 
implied from these observations that all mature tobacco leaves of a given 


variety, regardless of size, presumably contain approximately the same 


number of cells. This proved to be true with flue-cured tobacco leaves in 
which a study was made of structural changes induced by topping and 
suckering practices (Wolf and Gross 1937). 

From examination of cross sections of leaves of Turkish tobacco from 
different stalk positions (figs. 3, 4, 5), it may be coneluded that in Turkish 
tobacco also each leaf of a given variety has approximately the same number 
of cells. The volume of intercellular spaces is proportionately greater in 
large leaves than in smaller ones, but even if this fact be disregarded, there 
appears to be direct correlation between leaf size and constituent cell size. 
Attempts to establish such correlation by measurements of mesophyll cells 
were not made because of difficulties inherent in measuring cells so irregular 
in shape. The volume of the stomatal cells of leaves of different sizes, how- 
ever (table 4), indicates the existence of correlation between leaf size and 
size of stomatal cells, and it is a reasonable assumption therefore that leaf 
size and size of other constituent cells is also correlated. 

If the problem of securing quality like that in oriental tobacco types 
involved simply the production of plants having small leaves, composed of 
small cells, it should be possible to grow tobacco having such quality by use 
of seed from other genetic types, provided the same practices of cultivating, 
harvesting, and curing were followed. Our limited attempts to accomplish 
this by use of flue-cured types have not realized this goal. In extenuation, 
it must be remembered that the development of quality characteristic of 
Turkish types has been accomplished in response both to environmental 
factors acting over a period of 200 or more years, and indubitably also to 
hereditary factors. 

From our limited observations it may be pointed out, as having bearing 
on the influence of heredity, that plants having upper leaves larger than 
average may be secured by judicious seed-plant selection. Moreover the 
quality of upper leaves from progeny thus selected is indicated to be high. 
Further evidence of the relation of hereditary factors to quality that appears 
to have more fundamental significance than results of selection for increased 
leaf size is the fact that the tobaccos produced have improved in each sue- 
cessive crop over the four-year period of these experiments. Instead, accord- 
ing to common opinion, a gradual deterioration of quality should have been 
expected. 
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3. Metabolic Activity of Leaves at Different Stalk Positions. Proof of 
differences in metabolic activity between leaves produced at different stalk 
positions rests upon a body of evidence, both direct and indirect, as follows: 


(a) The dry substance content of leaves, as calculated on a green weight 


basis (table 3), increases progressively upward on the stalk, and may be 


at least 50 per cent greater in the uppermost leaves than in the basal ones. 
Undoubtedly a portion of this increase in the upper leaves may be accounted 
for by their greater proportion of cell wall substance (cellulose and cellulose- 
like materials), as may be inferred from examination of figures 3, 4, and 5. 
There should also be relatively more protoplasmic material and less vacuolar 
material in small cells than in large ones. From chemical analyses, to be 
presented in another report, it can be shown that significant differences 
exist in carbohydrates, proteins, and minerals between leaves borne at 
different levels. 

(b) Leaves from different stalk positions, as shown by the varieties 
Broussa, Yenige, and Ayassolouk (table 3), differ in shape. The fact that 
they progressively tend to become relatively longer and narrower, or else 
shorter and wider, upwards on the stalk, is not believed to be fortuitous. 
Instead it is related to physiological unbalance in axial and abaxial forces, 
perhaps hormonal in nature, that control leaf shape. That such is the case 
was postulated to explain differences in length-width ratio of flue-cured 
tobacco leaves in response to topping and suckering practices (Wolf and 
Gross 1937). This unbalance with Turkish types of tobacco, which normally 
do not require topping and suckering, can be interpreted, however, as a 
response to priming only. With the removal of hand after hand, there 
remains a smaller and smaller functional leaf area, whereas the root and 
stalk systems remain intact. 

It was pointed out long ago by Zalenski (1904) in studies on structure 
of tobacco leaves that the higher the leaf position on the stalk the smaller 
the size of constituent cells, the smaller their stomata, the thicker their 
euticle and the stronger their relative development of mechanical tissues. 
He found that these upper leaves have a higher rate of assimilation and 
transpiration and interpreted the anatomical features therefore to indicate 
xeromorphism. This explanation completely ignores responses that seem 
traceable rather to physiological unbalance. 

That priming, per se, can induce responses does not appear previously 
to have been taken into consideration by anyone. Data on length-width ratio 
of leaves from our previous studies (Wolf and Gross 1937) if regrouped, 
show that priming has a real influence which was indeed overlooked. This 
ean best be shown by the rearrangement of our previous data shown in 
table 5. 

The leaves of low-topped plants are seen to become progressively wider 
toward the top of the plant, those of the non-topped ones progressively 
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TABLE 5. Response of flue-cured tobacco to topping and suckering; from tables 
{, 2,3, Wolf and Gross 1937, grouped by primings. 


Length-width ratio 
Priming 


Low-topping High-topping Non-topping 
Ist 1.802 1.871 1.845 
2nd 1.785 1.797 1.905 
3rd 1.769 1.910 1.987 
4th 1.754 1.950 1.994 
5th 1.608 1.954 2.195 


longer, and the length-width ratio of high-topped ones is least modified. To 
account for the changes in leaf shape in non-topped plants priming appears 
to constitute the sole causal factor, and these resultant changes must be 


regarded as compensatory. The physiological unbalance from priming, indi- 


cated by changes in leaf shape, however, is not the same in all Turkish types, 
as shown in table 3. With some varieties the axial forces operating in deter- 


mination of leaf shape may become progressively more and more dominant 
as harvesting proceeds; with other varieties both axial and abaxial forees 
may tend to remain balanced, or with other ones the abaxial forces may 
gain the ascendancy. 

Profound compensatory responses, then, occur in tobacco plants that 
are ‘‘maimed’’ either by topping, suckering, or priming, and are to be 
compared with those induced among other kinds of plants. For example, 
fruit growers, gardeners, and florists have long employed such practices 
as thinning of fruit, removal of flower buds and branch buds, root-pruning, 
withholding of nutrients and water, judicious spacing of plants, leaf- 
pruning, ete., to modify the size and quality of the products grown for 
harvesting. Such responses prove the well-known fact, sometimes overlooked 
and unappreciated in experimentation, that the entire plant is a unit, behav- 
ing as a coordinated interdependent entity, and that the removal of any 
part induces responses in the ‘‘maimed’’ remainder. Such responses are 
fundamentally analogous to Le Chatelier’s physico-chemical principle which 
states in effect that if some stress, as for example change in temperature, 
pressure, or concentration is brought to bear on a system in equilibrium 
and the equilibrium is thereby displaced, a change in the system occurs in 
that direction which tends to minimize the effect of the stress. A similar 
basic principle, as applied to living things, has been concisely brought into 
perspective by Cannon (1929) and is designated by him as homeostasis. 
Included in homeostasis are all those coordinated physiological reactions 
which function to maintain the steady states or equilibria in living 
organisms. 

(c) The rate of growth of the upper leaves of tobacco is slower than 
that of the lower ones. This fact was pointed out by Berthold (1929a), and 
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is a matter of common knowledge among tobacco growers. Decrease in 
growth rate or decrease in metabolic activity is no doubt causally related 
to the age of the plant as a unit. The prevalence of supra-optimal tempera- 
ture and light might serve as an additive cause of retardation of growth 
toward the end of summer. In any event, if Turkish tobacco grows inter- 
mittently and matures quickly the crop tends to be of poor quality, whereas 
if growth and maturity proceed uniformly and slowly, according to a typical 
growth pattern, the tobaccos will be of better quality. 


4. Glandular Hairs and Quality. The hands and clothing of workers 


who harvest tobacco become covered with ‘‘gum.’’ This gum ¢onsists of the 
exudate from glandular hairs that coat the leaves, stem, and inflorescence, 
admixed with fragments of the hairs themselves. Glandular hairs and other 
trichomes arise singly from epidermal cells, as is well known. Avery (1933) 
pointed out that the formation of new epidermal cells. ceases shortly in ad- 
vance of cessation of production of new mesophyll-tissue cells. Each leaf 
from a single individual plant appears, from the present observations (table 
4), to possess substantially the same number of hairs. That each such leaf 
has the same hair population could be established with finality, however, 
only by determining at what stage of leaf development the production of 
new hairs ceases. Apparently such studies have never been made. 

As is strikingly shown in table 4, the number of hairs per unit area of 
lower leaf surface is inversely proportional to leaf size. These results may 
be interpreted as showing that the amount of exudate is also inversely pro- 
portional to leaf size. Moreover, the warm weather that obtains as the season 
advances seems to stimulate increased activity of the glandular hairs so that 
droplets of exudate accumulate along the sides of the hairs and may even 
appear as pools or films around their bases. 

The chemical nature of this exudate from the glandular hairs of tobacco 
leaves has been studied by several investigators but as vet our knowledge 
of it is quite incomplete. According to a recent summary by Briichner, 
(1936) investigators seem in accord that the exudate is a mixture of resins 
or waxes and ethereal oils. These waxes, like the ethereal oils, are consti- 
tuted of a mixture of aliphatic, hydro-aromatic and aromatic materials. 
Quite a few of the components have been isolated and their elementary 
composition and physical properties have been determined. During growth 
of a tobaeco plant, and also during curing and fermentation, this exudate 


changes continuously by autooxidation and polymerization. 


Tobacconists generally are of the opinion that both flavor and odor of 
smoking tobaccos are directly correlated with the content of resins of the 
tobacco. This matter is summarized in the treatise of Briichner (1936, vide 
p. 246) as follows: ‘‘ Auf Grund der vorliegenden Untersuchungen kommen 
wir zu dem Ergebnis das der Qualitat des Tabaks, die bekanntlich nur aus 
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dem Zusammenwirken aller Tabakinhaltskorper restlos erklarbar ist, im 
allgemein in einen direkten Verhaltnis zu seinem Harzgehalt steht.’’® 
Aroma in tobaccos has long been regarded as an elusive quality. In the 
case of Turkish tobaccos, the evidence outlined above may be interpreted 
to indicate that the characteristic aromas arise mainly from the glandular 
exudate. This interpretation rests mainly upon the observations that with 
progressive decrease in size of leaves there is a corresponding increase both 
in density of glandular hair population and in volume of aroma. Additional 
support for this explanation is offered by the observation that the glandular 
exudate, when isolated from leaves by accumulation on clothing, imparts 
to the clothing an aroma of great intensity characteristic of Turkish 
tobaccos. This aroma persists for a long time if the clothing is stored and 


even seems to change during storage. 


SUMMARY 


This study represents an attempt to correlate leaf structure and quality 
of oriental types of tobacco. It is concerned with five varieties, representative 
of four of the most important types, namely Samsoun, Smyrna, Cavalla, and 
Xanthi, that were grown at the Tobacco Experiment Stations, Oxford, N. C., 
and Chatham, Va., during four successive seasons. 

The following correlations between the structure of green leaves and 
quality of cured leaves appear to be established : 

1. Leaf size is correlated with stalk position, the largest leaves occurring 
at the basal portion of the stalk. 

2. Leaf size is correlated with constituent cell size. Largest leaves have 
the largest most loosely arranged cells. 

3. Leaves borne at different stalk positions may be of different shapes. 
Variations in leaf shape, interpreted as a compensatory response to priming, 
are greater and greater as harvesting proceeds. Differences in stalk position 
of leaves is also correlated with differences in amount of leaf-tissue con- 
stituents. 

4. The population density of glandular hairs increases with decrease 
in size of leaves. The smallest leaves‘on a plant may have from 2 to 5 times 
as many hairs per unit area of leaf surface as the largest ones. 

Since the largest leaves occur at the basal portion of the stalk and since 
the quality of the tobaccos increases progressively upward on the stalk, 
there is therefore direct correlation between structure and quality. 

The proximate causes of differences in quality of oriental tobaccos are 
complex. Combustibility and aroma are well known to constitute the two 


} Freely translated: ‘‘On the basis of the foregoing experiments we may conclude that 
quality in tobacco although it can only be finally explained on the basis of the interaction 
of all constituents, yet it stands, in general, in direct relation to resin content.’’ 
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most highly prized attributes of such tobaccos. Combustibility, not given 
consideration herein by direct tests, seems to depend mainly upon leaf 
texture, i.e., constituent cell size, and chemical composition. Aroma, when 
approached as a problem in leaf structure, seems to be traceable primarily 
to the exudate from glandular hairs. 
DuKE UNIVERSITY 
DurHAM, NortH CAROLINA 
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CHROMOSOME NUMBER, MEGASPOROGENESIS, AND 
DEVELOPMENT OF EMBRYO-SAC OF 
CLINTONIA 


RutH I. WALKER 


The genus Clintonia contains six species, four of which are found in the 
temperate regions of North America. Clintonia borealis (Ait.) Raf. is the 
most widespread in its distribution, being found in moist woods from Labra- 
dor to North Carolina and westward to Manitoba, Minnesota, and Wisconsin. 
C. umbellulata (Michx.) Morong extends from New York to Tennessee and 
Georgia. Of the other two species, C. uniflora (Schult.) Kunth. is found 
crowing in eoniferous forests of the Sierra Nevada mountains and in 
scattered areas north to British Columbia, and C. andrewsiana Torr. is con- 
fined to shady woods near the coast in central and northern California. 

The embryo-sae development of Clintonia borealis has been reported by 
R. W. Smith (4). He found that a single archesporial cell without division 
functions as the megaspore mother-cell. As a result of meiosis, four mega- 
spore nuceli are formed. Three of these migrate to the chalazal end of the 
embryo-sae and degenerate, the fourth remains in the micropylar region, 
divides, and its daughter nuclei divide. Of the four nuclei thus formed, 
the two upper sister nuclei become the nuclei of the synergids. The nucleus 
nearest the chalazal end becomes the primary endosperm nucleus and the 
remaining one is the nucleus of the egg. In this study Smith reported also 
that the haploid chromosome number is probably 12. 

Since this paper was prepared F. H. Smith (3) has observed that the 
embryo-sae of C. uniflora follows the same pattern of development as that 
described for C. borealis. He reports that the haploid number of chromo- 
somes of C. uniflora is 14. Schnarf (2) in a summary of various types of em- 
bryo-sac development in angiosperms considered Clintonia a doubtful 
Oenothera-type, since the course of development does not agree with that of 
closely related plants. Maheshwari (1) has suggested that Clintonia may 
supply an example of a reduced embryo-sae of the Fritillaria-type with six 
instead of the normal eight nuclei. This is based only on a different inter- 
pretation of R. W. Smith’s figures. A reinvestigation of Clintonia borealis 
was made by the present author, and the history of the development of the 
embryo-sac resembles that reported by Smith (4). A similar history was 
found in C. wmbellulata, C. andrewsiana, and C. uniflora. 
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MATERIALS AND METHODS 

Flower-buds of various ages and open flowers of C. borealis were collected 
by the author from the woods in the vicinity of Oosburg, Wisconsin. Similar 
material of C. umbellulata was obtained from J. Worden, St. Bonaventure 
College, St. Bonaventure, New York, and of C. andrewsiana and C. uniflora 
from Marion S. Cave, University of California at Berkeley, California. 
To them the author expresses her gratitude. 

Material was fixed and imbedded in paraffin by the usual methods. Fix- 
ing fluids used were Carnoy’s acetic-alcohol-chloroform, Randolph’s CRAF, 
and formol-acetic-alcohol. The last-named fixative was used alone and also 
after first dipping the material in the Carnoy fixative. Sections were stained 
with Heidenhain’s iron-alum haematoxylin. Chromosome counts were made 
in microspore mother cells in smears made with Belling’s iron aceto-carmine. 
The Works Progress Administration, University Natural Science Project, 
Work Project No. 10324, furnished assistance in the preparation of some of 


the microscopic preparations. 


CHROMOSOME NUMBER 
Chromosome counts were made from polar views of heterotypie equa- 


torial plates of micro- and megaspore mother-cells and of late prophases in 


the divisions of the micro-'and megaspores. These counts are: 


(’. borealis: n = 16 (figs. 1, 2). 

C. umbellulata: n = 14 (figs. 3, 4). 
C. andrewsiana;: n = 14 (fig. 5). 
C. uniflora: n = 14 (fig. 6). 


Explanation of figures 1-22 


(ll drawings were made with a camera lucida at table level. Spencer compensating 
oculars and a 1.5 mm. 1.25 N.A. achromatic oil immersion objective were used. Figures 
1-6 x ea. 2000; 7-37 x ea. 1200. 

Fic, 1. Polar view of a heterotypic equatorial plate in the microspore mother-cell of 
C. borealis. Fic, 2. Lateral view of a haploid equatorial plate of the final division in the 
embryo-sac of C. borealis. Fiq. 3. Polar view of haploid equatorial plate in the second 
division in the embryo-sac of C. umbellulata. Fie. 4. Late prophase of first nuclear 
division in the microspore of C. uwmbellulata. Fic. 5. Polar view of heterotypic equatorial 
plate in the microspore mother-cell of C. andrewsiana. Fic. 6. Polar view of haploid 
equatorial plate of the final division in the embryo-sae of C. uniflora. Fie. 7. Longi 
tudinal section of young ovule with archesporial cell (megaspore mother-cell) of C. 
andrewsiana. FG. 8. The same in C, umbellulata. Fic. 9. The same in C. uniflora. Fie. 
10. Lateral view, heterotypic equatorial plates in megaspore mother-cell, C. umbellulata. 
Fig. 11. Lateral view, homoeotypie equatorial plates in megaspore mother-cell, C. an 
drewsiana, Fie, 12. Lateral view, anaphase, homoeotypic division in megaspore mother 
cell, C. umbellulata, Fias, 13, 14. Equatorial plates, homoeotypic division in megaspore 
mother-cell, C. uniflora. Fie. 15, Four-nucleate embryo-sac after homoeotypic divisien 
in C. andrewsiana, Fic. 16, The same in C, umbellulata. Fig. 17. The same in C. uniflora. 
Fig. 18, Migration of abortive nuclei in C. umbellulata. Fie. 19. After the migration of 
the abortive nuclei. Fie. 20. Embryo-sae of C. wmbellulata with large central vacuole. 
Fig, 21. The same in C. andrewsiana, Fic. 22. Fusion of abortive nuclei in chalazal region 
of embryo-sae of C. umbellulata. 
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EMBRYO-SAC DEVELOPMENT 


The history of the development of the embryo-sac in C. umbellulata, C. 
andrewsiana, and C. uniflora is in general similar to that described by R. W. 
Smith (4) for C. borealis, and by F. H. Smith (3) for C. uniflora. A single 
hypodermal cell is differentiated early in the development of the ovules as 
an archesporial cell which is to function as the megaspore mother-cell. It 
is easily distinguished from the neighboring nucellar cells by its greater 
size and its more deeply staining properties (figs. 7, 8). This cell increases 
in size slowly throughout the development of the embryo-sac. During the 
prophases of the first meiotic division it is about twice as long as broad, the 
nucleus being in the mid-region of the cell (fig. 9). The spindle of the first 
meiotic division lies near the center of the cell and approximately parallel 
to the long axis of the cell. Figure 10 shows this division in C. umbellulata; 
fourteen pairs of chromosomes can be counted on the equatorial plate. 

The second meiotic division must follow almost immediately, since 
binucleate stages were rarely visible in the preparations. Only three prophase 
stages of second division were observed. in my material. R. W. Smith (4) 
figured a binucleate cell in C. borealis, although he too reports that these 
are rare. The upper of the two nuclei is normal in appearance in his figure 
while the lower nucleus is an irregular mass of chromatin. 

The axes of the homeotypic spindles may be approximately parallel to the 
long axis of the cell (figs. 11, 12) or at an oblique angle to each other 
(figs. 13, 14). Both divisions appear normal and occur simultaneously (figs. 
11, 12). One exception was observed in C. umbellulata, in which the lower 
nucleus divided before the upper nucleus. 

After reaching the poles (fig. 12), the chromosomes nearest the micro- 
pylar end of the developing embryo-sac become organized into a large 
rounded nueleus while the three other chromosome groups form irregularly 
shaped deeply staining masses (figs. 15, 16). Later these masses become 
rounded and often vacuolate but do not increase in size as does the micro- 
pylar nucleus (fig. 17). Spindle fibers persist for a time between the daughter 
chromosome masses, but eventually disappear. The cytoplasm is finely 
vacuolated and at no time is there any indication of a cell plate between 
the sister nuclei. 

The embryo-sae grows, becoming several times as long as broad. The 
vacuoles, which up to this time have been small, now begin to coalesce, form- 
ing a large central vacuole in the center of the sac. This appears to occur 
earlier in C. andrewsiana (fig. 21) than in C. umbellulata (fig. 20) and C. 
uniflora (fig. 17). 

The micropylar nucleus remains at that end of the sac; the three smaller 
abortive nuclei migrate toward the chalazal end (fig. 18); later they may 
unite (fig. 19). The movement of the abortive nuclei may be aided by the 
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Fig. 23, Fusion of abortive nuclei in chalazal region embryo-sae of C. andrewsiana. 
Fig. 24. The same in C. wnijflora. Fic. 25. Polar view, equatorial plate, third nuclear 
division in embryo-sac of C. umbellulata. Three abortive nuclei in chalazal region of sac. 
Fic. 26. Embryo-sae of C. umbellulata after third division. Spindle fibers present. Abortive 
nuclei have migrated to chalazal region of sac. Fic. 27. The same. Abortive nuclei fuse. 
Fig. 28. The same in C. uniflora. Fic. 29. The same. Disappearance of spindle fibers. 
Fic. 30. Equatorial plates, fourth division in embryo-sace of C. wmbellulata, Fie. 31, The 
same in C. uniflora. Fic, 32. Anaphase of final division in embryo-sae of C. wmbellulata. 
Fig. 33. Cell-plate formation between synergid nuclei of C. uniflora. Fie, 34. Mature em- 
bryo-sac of C. umbellulata. Fic. 35. Mature embryo-sae of C. uniflora. Fie. 36, The same 
for C. andrewsiana, showing synergid, egg, and primary endosperm cell. FiG@, 37. 
Synergid of embryo-sac shown in figure 36. 
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formation of the large central vacuole (figs. 19, 20, 21). Union of the 
nuclei occurs in various ways; in some sacs the two upper nuclei fuse before 
coming in contact with the third nucleus (fig. 19) ; while in others the two 
iower nuclei fuse first. Figures 22 and 23 show a single nucleus in which 
the lobes representing the abortive nuclei are still visible. Fusion of the 
nuclei may be delayed, however, until after the division of the functional 
megaspore nucleus (figs. 25, 26). 

R. W. Smith has shown a stage in the union of abortive nuclei similar to 
figure 26. Such a figure has been interpreted by Maheshwari as possibly a 
secondary 4-nucleate stage, in which the two micropylar nuclei are haploid, 
the two chalazal nuclei being triploid as a result of the division of the 3 
abortive nuclei on a common spindle. The absence of spindle fibers between 
the abortive nuclei, the difference in size and the variation in position of 
nuclei (figs. 19, 26) seem to make it clear that in my material the abortive 
nuclei are in a process of fusion and are not the result of division. 

The functional megaspore nucleus rests for a time and then divides. 
The spindle during its division is usually parallel to the long axis of the 
embryo-sae and the two nuclei are formed one above the other (figs. 26, 27, 
28). The first division occurs almost simultaneously in the two nuclei; the 
spindles of this division are approximately at right angles to each other as 
shown in figures 30, 31, and 32. 

Upon completion of this division four nuclei are present at the micro- 
pylar end of the embryo-sac. Cell division occurs by cell plate formation 
(fig. 33). The two upper sister nuclei with surrounding cytoplasm become 
the synergids; the uppermost of the other pair with the surrounding cyto- 
plasm becomes the egg, and the remaining one is the free polar nucleus of the 
primary endosperm cell (figs. 34, 35). The polar nucleus remains in position 
until fertilization occurs. 


SUMMARY 


The chromosome number of Clintonia borealis is n = 16, of C. umbellulata 
n= 14, of C. andrewsiana n = 14, and of C. uniflora n = 14. 

The embryo-sae development in C. umbellulata, C. andrewsiana, and C. 
uniflora is similar to that described by R. W. Smith for C. borealis, and by 
F. H. Smith (3) for C. uniflora. 

A single hypodermal cell is differentiated as an archesporial cell. This 
functions directly as the megaspore mother-cell. 

As a result of meiosis, four megaspore nuclei are formed, an uppermost 
large rounded nucleus and three smaller undifferentiated nuclei. 

The smaller (abortive) nuclei usually migrate toward the chalazal end 
of the embryo-sac and may unite. 

Two further divisions result in the formation of four nuclei from the 
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nucleus at the micropylar end of the embryo-sac. Cell division is by eell 
plate formation. 

The mature embryo-sae consists of four cells; two synergids, an egg, 
and a primary endosperm cell containing a haploid nucleus and the remains 
of the abortive nuclei. 


DEPARTMENT OF BOTANY, UNIVERSITY OF WISCONSIN 
MILWAUKEE, WISCONSIN 
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STUDIES IN OHIO FLORISTICS—III. VEGETATION 
OF OHIO PRAIRIES' 


CLYDE H. JONES 


When the early settlers crossed the Appalachian Mountains and came 
into the territory which now comprises the State of Ohio, they found numer- 
ous variations from the relatively unbroken forests through which they had 
been traveling. 

In the central part of the state they found rather extensive areas, 
scattered through a dozen or more counties, which were dominated by grass 
vegetation. Without a doubt these were outliers of the tall grass prairie, 
that ‘‘vast sea of waving grasses’? which dominated the landscape farther 
to the west (10). These central Ohio grasslands for the most part consisted 
of a complicated mosaic of grasslands interlaced with tree-bordered streams, 
swamp forests, swales, and isolated prairie groves on some of the better 
drained sites. 

Between these outliers of the true prairie of the interior lowland and 
the forests of the plateau, there existed an irregular, discontinuous zone of 
small areas populated with prairie grasses and with forbs of the deciduous 
forest. A few examples of these diverse habitats are as follows: sand and clay 
ridges well within the plateau, such as the Buffalo Beats in Athens County 
and the Kettle Hills in Fairfield County ; pre- and inter-glacial river valleys 
at the plateau margin, such as the floodplain prairie at Lancaster, Fairfield 
County, and the Higby Prairie of the abandoned preglacial valley south of 
Chillicothe, Ross County; bog margins, such as the mar] bogs of Pickaway 
and Ross Counties; and the limestone and dolomite cliff-top prairies of the 
plateau escarpment, such as Buzzards Roost in Adams County. 

For many years numerous questions pertaining to the age of the prairies 
have confronted the ecologist (2, 5, 8, 11, 12, 13). Today many of these same 
questions continue to challenge the student of Ohio prairies. Prairies located 
on the till-plains and moraines of the Wisconsin glacier were obviously post- 
Wisconsin in age, but the problem of age becomes much more complicated in 
relation to those areas within or at the edge of the plateau that were neither 
glaciated nor submerged during glaciation. 

Closely associated with problems of age is the problem of migration 
routes over which the ancestors of these plants traveled. They may have 
migrated into Ohio during preglacial times over a widespread front of con- 
tinuous habitats, many of which were undoubtedly destroyed later by the 





1 Papers from the Department of Botany, The Ohio State University, No. 456. 
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southward advance of the glaciers. If these plants were present in Ohio prior 
to the period of glaciation, it seems reasonable to believe that many of them 
could have survived on favorable sites in the unglaciated plateau during 
advances of the ice. During inter- and postglacial periods these plants could 
have then migrated into areas in the west-central part of the state. The rela- 
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Fig. 1. Approximate location of the major prairie areas of Ohio. Size of individual 
areas exaggerated. Adapted from E. N. Transeau’s Prairie Peninsula Map (1935). 


tive absence of extensive prairies in eastern Indiana gives credence to this 
speculation (4). 

On the other hand, if the major migration of prairie plants into the state 
was from the west in postglacial times, it must have been mainly over the 
newly exposed Wisconsin till-plains and moraines since few prairie plants 
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have been found on the ancient Illinoian till-plains in Ohio, as has been 
pointed out by Braun (1). 

The relative absence of prairie plants on the Illinoian till-plains gives 
rise to interesting speculations in relation to the date of migration and the 
migration routes of the ancestors of the prairie plants which now occupy the 
dry prairie sites in Adams County. The possibility of their having migrated 
into this area prior to Illinoian glaciation has been suggested by Braun (1). 
It is altogether possible, however, that this migration could have occurred 
from the Wisconsin till-plains to the north in postglacial times along exposed 
limestone formations, slack-water silts, or the plateau margin itself. Another 
possibility is that of a northeastern migration from the ‘‘ Kentucky Barrens’’ 
region which could have occurred in pre-, inter-, or post-Pleistocene times. 

When one studies the distribution of the following prairie plants on 
glacial till-plains and moraines in Illinois (7), Indiana (4), and Ohio as well 
as on unglaciated areas in Kentucky (6), West Virginia (3), and Ohio, these 
problems become even more complicated, and one is inclined to believe that 
this migration may have occurred over any one or all three of the suggested 
routes. 


Acerates floridana Cassia Chamaecrista 
Acerates viridiflora Eryngium yuccifolium 
Andropogon furcatus Liatris spicata 
Andropogon scoparius Liatris squarrosa 
Asclepias tuberosa Lithospermum canescens 
Bouteloua curtipendula Panicum virgatum 
Brauneria purpurea Silphium trifoliatum 
Cacalia atriplicifolia Sorghastrum nutans 


The main purpose of this paper, however, is to present a list of the plants 
which occurred on the prairie areas of Ohio at the time of settlement. As one 
might expect, this is not an easy task, since agricultural operations and pas- 
turing during the intervening period of years have completely destroyed or 
at least greatly altered the original vegetation of all the known prairie loca- 
tions. Numerous remnants of the prairie vegetation remain, fortunately, on 
roadsides, fence rows, abandoned cemeteries and school grounds, sand dunes, 
steep moraines, ridge tops, and cliff edges within these areas. An analysis of 
the relative abundance of species within these areas leads one to believe that 
the following major grassland types (14) were well represented in Ohio: 
Big Bluestem, Little Bluestem, Slough Grass, and Tall Panic Grass—Wild 
Rye. 

According to historical records, the grasses of the Andropogon furcatus 
dominated grasslands of the deep, moist, black soil areas of central Ohio grew 
in such luxurianee that the early settlers had to stand up in their saddles to 
locate the grazing cattle (9). Poorly drained sites within these areas, such 
as sloughs and swales, were dominated by Spartina Michauriana, and sand 
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us , Fig, 2. A. A prairie area dominated by Andropogon furcatus. Adams County. B. A 
prairie slough dominated by Spartina Michauziana. Marion County. 


to ridges and moraines were covered with Andropogon scoparius. The over- 
ich drained and over-exposed ‘‘meadow and glade’’ areas within and at the edge 
of the plateau were dominated by Andropogon scoparius and Sorghastrum 
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nutans, which frequently grew as bunch grass instead of forming closed asso- 


ciations as did the Andropogon furcatus on the flat areas in the central part 


of the state. Locally, especially on sites located on calcareous materials, 


Andropogon furcatus, Andropogon scoparius, Sorghastrum nutans, and 


Bouteloua curtipendula were dominant. 


The following list of plants is believed to be representative of the species 


characteristic of Ohio’s prairies.’ It contains plants which were collected 


from numerous, diverse prairie habitats in the state, and it is quite unlikely 
that any single original prairie contained all of the species listed. 


A ndropogon furcatus 


d { ndropogon scopart Ux 


Acerates floridana 
Acerates viridiflora 
Ambrosia bidentata 
Amorpha fruticosa 
Arenaria patula 
Artemisia gnaphalodes 
Artemisia ludoviciana 
Asclepias Sullivantii 
Ascle pias tuberosa 
Asclepiodora viridis 
Aster azureus 

Aster Drummondii 
Aster laevis 

Aster salicifolius 
Aster Tradescanti 
Bidens aristosa 
Bouteloua curtipendula 
Brauneria purpurea 
Cacalia atriplicifolia 
Cacalia tuberosa 
Carex crus-corvi 

Carex suberecta 

Cassia Chamaecrista 
Cassia nictitans 
Cirsium discolor 
Cleome serrulata 
Croton monanthogynus 
Desmanthus illinoensis 
Desmodium canadensis 
Elymus canadensis 
Equisetum kansanum 
Equisetum laevigatum 
Erigeron pulchellus 
Erigeron ramosus 
Eryngium yuccifolium 
Erysimum asperum 
Euphorbia corollata 


Dominants 


Subdominants 


Sorghastrum nutans 
Spartina Michauriana 


Filipendula rubra 
Gaura biennis 

Gentiana puberula 
Gerardia tenuifolia 
Geum canadense 
Habenaria leucophaea 
Hedeoma hispida 
Helianthus grosseserratus 
Heliopsis scabra 
Houstonia angustifolia 
Houstonia lanceolata 
Hypericum cistifolium 
Tsanthus brachiatus 
Juncus interior 
Koeleria cristata 
Kuhnia eupatorioides 
Kuhnia glutinosa 
Lechea stricta 

Lepachys columnaris 
Lespedeza capitata 
Liatris cylindracea 
Liatris scariosa 

Liatris spicata 

Liatris squarrosa 
Lilium michiganense 
Lilium superbum 
Linum sulcatum 
Lithospermum canescens 
Monarda mollis 
Muhlenbergia capillaris 
Muhlenbergia cuspidata 
Muhlenbergia racemosa 
Oenothera speciosa 
Panicum huachucae 
Panicum Scribnerianum 
Panicum virgatum 
Plantago Purshii 


2 Nomenclature essentially that of Gray’s Manual, 7th edition. 
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Fig. 3. A prairie area of central Ohio as it appears today. Madison County. 


Prenanthes aspera 
Prenanthes racemosa 
Pycnanthemum pilosum 
Pycnanthemum virginianum 
Rosa blanda 

Rosa Lyoni 

Rosa setigera 
Rudbeckia speciosa 
Rudbeckia Sullivanti 
Sabatia angularis 
Sanicula gregaria 
Scutellaria parvula 
Senecio plattensis 


Silphium terebinthinaceum 
Silphium terebinthinaceum 
var. pinnatifidum 
Silphium trifoliatum 
Solidago ohioensis 
Solidago Riddellii 
Sphenopholis obtusata 
Sporobolus asper 
Sporobolus clandestinus 
Synthyris Bullii 
Thalictrum dioicum 
Trifolium stoloniferum 
Verbena bracteosa 


Silene regia Vernonia missurica 
Viola pedatifida 


The following list represents plants which frequently occur in association 
with these prairie dominants at the edge of forests and on over-exposed and 
over-drained areas such as cliff tops, sand and clay ridges, gravel moraines, 
and porous caleareous material. 

Agrimonia mollis Baptisia australis 
Amphicarpa monica Baptisia leucantha 
Aster cordifolius Bignonia capreolatas 
Aster laevis Ceanothus ovatus 
Aster oblongifolius Chrysopsis graminifolia 
Aster sagittifolius Comandra umbellata 


Aster undulatus Coreopsis tripteris 





8 Confined for the most part to habitats derived from calcareous material. 





542 BULLETIN OF 


Desmodium bracteosum 


Desmodium illinoense 
Eupatorium sessilifolium 
Galactia volubiliss 
Helianthus microcephalus 
Hexalectris spicatas 
Hypericum gentianoides 
Leavenworthia uniflora 
Lechea 
Lobe lia le plostachys 
Manfre da 


Ophioglossum Engelmannis 


racemulosa 
virginica 


Panicum Boscii 
Pentstemon laevigatus 
var. digitalis 
Phaseolus polystachyus 
Phlox glaberrimas 
Plantago aristata 
Polygala sanguinea 
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Polygala verticillata 
var. ambigua 
Prenanthes altissima 
Psoralea Onobrychis 
Psoralea pedunculata 
Ruellia ciliosa 
Solidago bicolor 
Solidago erecta 
Solidago rigida 
Solidago speciosa 
var. angustata 
Spiranthes Beckii 
Spiranthes gracilis 
Stylosanthes biflora 
Thalictrum revolutum3 
Thaspium pinnatifidum 
Viola lanceolata 
Viola sororia 


Viola Walteris 


The following list represents plants of general distribution which fre- 


quently occur in these prairie areas. 


Agrimonia mollis 
Amphicarpa monica 
Anemone canadensis 
Anemone virginianas 
Antennaria plantaginifolia 
Apocynum androsaemifolium 
Apocynum cannabinum 
Asclepias incarnata 

Aster multiflorus 

Aster novae-angliac 

Carex pennsylvanica 

Carex vulpinoidea 

Cinna arundinacea 
Dodecathion Meadia 
Eragrostis pectinaceat 
Erigeron ramosus 

Fragaria virginiana 

Galium concinnum4 

Galium tinetorium 
Glyceria nervata 
Helianthus giganteus 
Helianthus grosseserratus 
Helianthus hirsutus 
Helianthus tuberosus 

He liopsis helianthoides 
Hypoxis hirsuta 

Juncus tenuis 

Juncus Torreyi 

Leersia oryzoides 

Leersia virginica 
Leptandra virginica 





Lobelia cardinalis 
Lycopus americanus 
Lyuthrum alatum 
Monarda fistulosa 
Muhlenbergia mexicana 
Muhlenbergia Schreberia 
Oenothera biennis 

Ovxalis stricta 

Oxalis violacea4 

Phalaris arundinacea 
Physalis lanceolata 
Physalis virginiana 

Poa pratensis 
Polygonum Muhlenbergii 
Potentilla canadensis 
Pycnanthemum flexuosum 
Rhus toxicodendron 

Rosa virginianas 
Rudbeckia hirta 

Ruellia stre pens 
Sanicula marilandica4 
Senecio aureus 

Senccio obovatus4 
Smilax hispida 
Solanum carolinense 
Solidago canadensis 
Solidago nemoralis 
Solidago ulmifolias 
Specularia perfoliata 
Steironema ciliatum 
Steironema quadriflorum 


’ Confined for the most part to habitats derived 
4 Confined for the most part to dry habitats. 


from ¢aleareous material. 
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Teucrium canadense 
Thalictrum dasycarpum 
Verbena angustifolia 
Verbena hastata 
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Verbena stricta 
Vernonia altissima 
Zizia aurea 

Zizia cordata 


Trees and shrubs of the following list frequently border dry prairie areas 
or occur as scattered specimens within these areas. 


Celtis oecidentaliss 
Cercis canadensis 
Cornus florida 
Cornus paniculata 
Corylus americana 
Diospyros virginiana 
Fraxinus americana 


Fraxinus quadrangulatas 


Gaylussacia baccata 
Juniperus virginiana 
Liriodendron tulipifera 
Ostrya virginiana 
Pinus rigida 

Pinus virginiana 
Prunus americana 


Quercus coccinea 
Quercus marilandica 
Quercus Muhlenbergiis 
Quercus stellata 
Quercus velutina 


-Rhamnus caroliniana 


Rhus canadensis 

Rhus copallina 

Rhus glabra 

Salix humilis 

Thuja oecidentaliss 
Ulmus americana 
Ulmus fulva 
Vaccinium vacillans 
Viburnum prunifolium 


Dry prairie habitats are much more numerous and extensive within the 
plateau today than they were at the time of white man’s occupation. Hun- 
dreds of acres of land on the narrow, steep-sided ridges were cleared and 
converted into farm lands. In a few years the farmers discovered that these 
areas could not be farmed profitably year after year because of over-drainage 
and lack of sufficient essential minerals in the soil, Eventually most of them 
were either abandoned or converted into pastures. As one might expect, the 
present-day vegetation cover of many of these tracts has been influenced by 
factors such as the following: 

1. Length of time area was under cultivation before abandonment. For 
example, if the area was used exclusively for the production of cultivated 
crops for many years, the probability of the roots of the native perennials 
being eradicated is much greater than if the area was soon abandoned or con- 
verted into permanent pasture. 

2. Vegetation cover at the time of abandonment. If there was a well- 
established grass cover at the time of abandonment, such as would be found 
in a meadow, the species that comprise the succeeding association will differ 
from those which would become established following a cultivated crop such 
as corn. 

3. Pasture history. One area under observation had been pastured rather 
lightly for many years by sheep, and the dominant association consisted of 
Andropogon virginicus and Danthonia spicata, The area was then subjected 


4 Confined for the most part to dry habitats. 
5 Confined for the most part to habitats derived from calcareous materials. 
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to heavy grazing by cattle, and in three years the most conspicuous associa- 
tion consisted of Aristida dichotoma, Hypericum punctatum, Solanum caro- 
linense, and Achillea millefolium. 

4. Organic content of the soil at the time of abandonment. When the soil 
of these upland areas has been depleted of organic material, a xerie condition 
tends to come into being, which in turn limits the types of vegetation which 
can become established. 

5. Location of the area in relation to plants producing seed. In numerous 
instances Pinus rigida, Pinus echinata, and Pinus virginiana have become 





Fic. 4, A typical dry prairie within the plateau. Available information indicates that 
this area has not been plowed or pastured. The dominant grasses are Andropogon scoparius, 
Andropogon furcatus, and Sorghastrum nutans. Athens County. 


established in abandoned pastures near woodlots containing seed trees of 
these species. 

6. Chemical composition of the soil. Sorghastrum nutans, for example, 
is much more likely to become established on areas deficient in calcium than 
Bouteloua curtipendula. 

7. The direction and degree of land slope. Areas sloping towards the 
south or towards the direction of the prevailing winds are usually much 
dryer than those which slope towards the north or away from the prevailing 
winds. Likewise, if the slope is steep, excessive water runoff will result, bring- 
ing into being conditions which favor the establishment of the more xeric 


species. 
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8. The degree to which the surface soil was removed before abandonment. 


When most of the surface soil has been removed by the agents of erosion 
before abandonment, the area is limited in its capacity to support a great 
variety of species. Likewise, plant succession is retarded when this condition 


exists. 


The following plant successions, however, are representative of the vege- 
tation changes which frequently occur on these abandoned areas, The differ- 
ent stages and the dominant species of each are presented in the sequence A, 


B, and C. 


1. Abandoned meadow (cultivated grasses) followed by: 


A 


Aster ericoides 

var. villosus 
Eragrostis cilianensis 
Eragrostis pectinacea 
Panicum capillare 


Gnaphalium obtusifolium 


Rumex acetosella 
Achillea millefolium 


Daucus carota 


B 


Danthonia spicata 
Aristida dichotoma 
Solidago nemoralis 


Cc 
Andropogon virginicus 
Andropogon scoparius 
Tridens flavus 


2. Abandoned grain field (corn, wheat, or oats) followed by: 


A 
Digitaria sanguinalis 
Ambrosia elatior 
Echinochloa Crus-galli 
Setaria viridis 
Setaria lutescens 
Solanum carolinense 


B 


Aster ericoides 

var. villosus 
Erigeron ramosus 
Erigeron philadelphicus 
Apocynum cannabinum 
Convolvulus arvensis 


C 
Solidago nemoralis 
Aster ericoides 
var. villosus 
Smilax glauca 
Rubus villosus 


In addition to the species listed in the above successions and the scattered 


specimens such as were listed for the original prairies, the following her- 


baceous plants frequently occur in these disturbed areas. 


Acalyp*a gracilens 
Acalypha virginica 
Agrostis alba 

Antennaria plantaginifolia 
Aster Shortii 
Chrysanthemum Leucanthemum 
Cirsium lanceolatum 
Dianthus Armeria 
Dipsacus sylvestris 

Draba verna 

Echium vulgare 

Hedeoma pulegioides 
Hieracium scabrum 
Houstonia ciliolata 
Houstonia longifolia 
Hypericum punctatum 
Lactuca canadensis 


Lactuca scariola 
Linaria vulgaris 
Lobelia inflata 
Lysimachia terrestris 
Panicum latifolium 
Physalis heterophylla 
Plantago aristata 
Plantago lanceolata 
Plantago major 

Poa compressa 
Prenanthes altissima 
Prunella vulgaris 
Sericocarpus asteroides 
Solidago juncea 
Sonchus asper 
Sonchus oleraceus 
Verbascum thapsus 
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Fig. 5. A. A dry prairie area corn field within the plateau five years after abandon- 
ment. Gallia County. B. Fifty years ago this dry prairie area was a corn field. Meigs 
County. 
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The preceding grasses and forbs, however, seldom dominate these dry 
prairie areas for long. Usually in about five years, clumps of Rubus allegheni- 


ensis and scattered sprouts and seedlings of some of the following trees and 
shrubs begin to appear in various combinations.® 


Carya cordiformis Pinus rigida 

Carya glabra Pinus virginiana 
Carya microcarpa Prunus serotina 
Carya ovata Quercus coccinea 
Cereis canadensis Quercus stellata 
Corylus americana Quercus ve lutina 
Crataegus sp. Rhus copallina 
Diospyros virginiana Rhus glabra 
Fraxinus americana Robinia pseudo-acacia 
Liriodendron tulipifera Sassafras variifolium 
Nyssa sylvatica Ulmus americana 
Pinus echinata Ulmus fulva 


When these trees and shrubs begin to form closed associations, the grasses 
and forbs lose dominance rapidly, and in a few years the area which was once 
occupied by a secondary prairie becomes dominated by mixed deciduous or 
mixed deciduous-southern pine associations, 

Thus man has played diverse roles in relation to the prairies of Ohio. 
In some parts of the state he has destroyed or greatly altered the existing 
vegetation of these areas. In others he has been the indirect cause of secon- 
dary prairies, prairies which frequently exist for only a few years and are 
then succeeded by the invading forest. 

DEPARTMENT OF BOTANY, OHIO STATE UNIVERSITY 

COLUMBUS, OHIO 
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q EFFECT OF DIFFERENT CONCENTRATIONS OF SYNTHETIC 

oi AUXINS ON DECAPITATED SUNFLOWER STEMS 
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The object of the following work was to determine the concentrations at 
which synthetic auxins were effective in inducing gall formation, epinasty, 
and bud inhibition on decapitated sunflower stems. Using the same test plant, 
Gustafson (4) found that one per cent mixtures in lanolin of indoleacetic, 
indolebutyric, and phenylacetie acids caused galls at the point of applica- 
tion, and all but the latter inhibited the growth of lateral buds. Blum (2), 
applying 0.2 per cent solutions in lanolin of indoleacetic, indolebutyric, 
indolepropionic, naphthaleneacetic, and phenylacetic acids to decapitated 
sunflower stems, also found that all substances tested caused galls; all but 
indolepropionie and phenylacetic acids inhibited lateral bud development, 
and all but phenylacetic acid produced epinasty. These authors did not 
attempt to determine threshold concentrations required to produce the 
observed effects. 


METHODS 





















Seeds of Helianthus annuus L. were planted in river sand contained in 
separate pots and watered biweekly with a full nutrient solution. After seven 
weeks’ growth, the plants were decapitated about one inch above the second 
node. Twelve plants were used per concentration. Controls consisted of both 
decapitated and undecapitated plants. Plain lanolin was applied to the 
stump of the decapitated controls. The plants tested with indoleacetie (LAA) 
and indolebutyrie (IBA) acids were planted October 18. Indolepropionic 
(IPA), phenylacetic (PAA), and naphthaleneacetic acid (NAA) treated 
plants were planted April 1. The auxins were dissolved in anhydrous lanolin 
and smeared over the entire cut surface of the stumps in approximately 
equal dosages. Four applications were made at five-day intervals, the previ- 
ous lanolin applications being removed at the time of the new application. 
Between applications the compounds were stored at 2° C. The effective con- 
centration range for each substance was determined in preliminary experi- 
ments. The final concentrations used are shown in table 1. 


RESULTS 


Bud Inhibition. In figure 1 are summarized the data obtained on the 
effect of auxins on inhibition of lateral bud growth. After three weeks, 
growth of lateral buds of plants treated with the highest concentrations of 
NAA and IBA was completely inhibited, whereas the lateral buds of those 
49 


550 BULLETIN OF THE TORREY CLUB (Vou. 71 


TABLE 1. Concentrations of synthetic aurins® applied in lanolin to decapitated 
sunflowe r stems 


Per cent concentration in lanolin 
IAA IBA NAA PAA IPA 


0.004 0.002 0.002 0.111 0.008 
0.012 0.006 0.006 0.333 0.024 
0.037 0.018 0.018 1.0 0.074 
0.111 0.056 0.056 5.0 0.222 


0.333 0.167 0.167 10.0 0.667 
1.0 0.5 0.5 15.0 2.0 
3.0 1.5 1.5 °0.0 6.0 


* All compounds were obtained from the Dow Chemical Company, or from Merck 
and Company. 


treated with the highest concentrations of the other auxins were only par- 
tially inhibited. The data indicate that (a) threshold concentrations of the 
various auxins differ; and (b) the relative activities of the various auxins 
differ according to whether they are compared at concentrations required to 
produce threshold response (15 to 20 per cent of plants with bud inhibi- 
tion) or 50 per cent response. Thus, for IBA, NAA, IAA, IPA, and PAA, 
threshold responses were obtained at 0.002, 0.002, 0.005, 0.024, and 5.0 per 
cent, respectively. Concentrations necessary to produce 50 per cent inhibi- 
tion were 0.018, 0.004, 0.033, 2.0, and 10.0 per cent, respectively. 

Gall Formation. Gall formation occurred in 100 per cent of the plants 
(at the point where auxin was applied) when these were treated with high 
concentrations of the substances (fig. 3). The highest concentrations of IAA 
and IBA (table 1) produced browning and shriveling of the stem at the point 
of application, and concentrations of 10 per cent or more of PAA destroyed 
the tissues completely. The largest galls were produced by the following: 
[AA at 1.0 per cent, IBA at 1.5, IPA at 2.0, NAA at 1.5, and PAA at 5.0 per 
cent. Galls resulting from IPA and LAA applications were the largest of all. 
Concentrations necessary to produce threshold responses (15 to 20 per cent 
of plants with detectable galls) were found to be of approximately the same 
order for IAA, IBA, and IPA, approximately ten times greater for NAA, 
and thirty-five times greater for PAA. With certain concentrations of LAA, 
IPA, and PAA, galls developed on individual plants, even though lateral 
bud growth was not inhibited in these same plants. Thus the concentrations 


in which auxins are effective in producing galls do not always correspond to 


Explanation of figures 1-3 

Figs. 1-3. Comparative effect of varying concentrations of synthetic auxins on bud 
inhibition, epinasty, and gall formation in sunflower. Concentrations are plotted on a 
logarithmic seale for the sole purpose of getting so wide a range into a single figure. 
Fig. 1. Bud inhibition, 3 weeks after first treatment. Fic. 2. Epinastic responses, ten 
days after first treatment. Fic. 3. Gall formation, 3 weeks after first treatment. 
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those producing bud inhibition. In the lower concentrations IPA is relatively 
more effective in producing galls than in inhibiting lateral buds; on the 
other hand, NAA is more effective in producing bud inhibition than galls. 

Stem thickening occurred below the second node in plants treated with 
the high concentrations of NAA. 

Epinasty. Plants receiving the highest concentration of each substance 
gave epinastic responses within from one to five days after the first appli- 
cation. In general, the concentrations necessary to bring about threshold 
epinastic responses, as measured after ten days (fig. 2), were higher than 
those for bud inhibition and gall formation. The relative activities of the 
various auxins are approximately the same whether they are compared at 
concentrations required to produce threshold or 50 per cent responses. This 
is in contrast with bud inhibition effects, where the relative activities of the 
auxins differed at threshold and 50 per cent responses. Epinasty produced 


in plants by higher auxin concentrations was more pronounced than by 


lower concentrations. 
DISCUSSION 
The approximate relative activities of the various auxins are summarized 


in table 2. For ready comparison [AA is arbitrarily assigned a value of 100 


parison of the concentrations in lanolin which bring about threshold and 50 per cent 


TABLE 2. Approximate relative activities of synthetic aurins determined by com 


re Sponse &. 
In this study concentrations of indoleacetic acid are arbitrarily assigned a value of 
100 for each response. 


Gall 
formation Avena 
Auxin eurva 

Threshold 50 per cent turea 
response (A) response (B) ; r 


Bud inhibition Epinasty 


Indoleacetie acid 100 100 100 100 100 
Indolebutyrie 

acid 250 100 7 200 200 4 
Indolepropionie 

acid 20 0.9 50 34 0.08> 
Naphthal- 

eneacetie acid 450 j 11 3000 2400 18 
Phenylacetic 

acid 0.1 0.2 : ; - ‘ 0.002» 


® Data from Avery, Berger, and Shalucha (1), unless otherwise indicated. 

b From Went and Thimann (6). 
for both threshold and 50 per cent responses; the relative activities of the 
other auxins are expressed in terms of those of IAA. Thus it may be seen 
that NAA was the most effective substance in producing bud inhibition and 
epinasty, and IAA was the most effective gall former. Gustafson (5) also 
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found NAA to be an effective gall-former on both tomato and sunflower 
plants. In this connection it is interesting to note that Braun and Laskaris 
(3) have reported NAA and IBA to be more effective than [AA in stimulat- 
ing tumor growth on tomato stems previously inoculated with an attenuated 
strain of Phytomonas tumefaciens. IPA was the least active indole compound 
producing bud inhibition and epinasty in this study, and it is also known 
to be the weakest in producing Avena curvature. It is about as active in gall 
formation as the other indole compounds. Gustafson (5) found no such 
vall-forming activity for IPA in his tests. PAA, which at 1 per cent concen- 
tration failed to cause bud inhibition in Gustafson’s work, was found to 
inhibit buds at concentrations of 5 per cent and higher. In all responses 
measured it is less active than the other auxins. 

The data obtained in this study confirm and extend the general conelu- 
sion in the literature, namely, that the relative effectiveness of different 
auxins varies according to the type of response which is measured, even on 
the same test plant. 


SUMMARY 


1. Synthetic auxins dissolved in lanolin and applied to the decapitated 
stumps of sunflowers produced three responses: lateral bud inhibition, gall 
formation, and epinasty. Naphthaleneacetic acid also produced stem thick- 
ening below the second node. 

2. The concentrations necessary to bring about gall formation and bud 
inhibition were lower, in general, than those necessary to produce epinasty, 
when measured ten days after the first application. 

3. At threshold concentrations, naphthaleneacetic acid (0.002 and 0.006 
per cent) was most effective in producing bud inhibition and epinasty, and 
indoleacetie acid (0.004 per cent) was the most effective gall-former. As com- 
pared with NAA, IBA was less effective in inhibiting lateral buds and more 
effective in producing galls. Indolepropionie acid produced large galls but 


was not especially effective in producing the other two responses. Except in 


higher concentrations, phenylacetic acid was ineffective in producing bud 
inhibition and epinasty; 0.3 per cent produced galls, but concentrations of 
10 per cent and higher destroyed the plant tissues. 
CONNECTICUT COLLEGE 
New LONDON, CONNECTICUT 
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